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Abstract
Presenting patients with information on their dental health
risk: a three-arm RCT and ethnography
Rebecca Harris,1* Christopher Vernazza,2 Louise Laverty,1
Victoria Lowers,1 Girvan Burnside,3 Stephen Brown,4 Susan Higham1
and Laura Ternent5
1Department of Health Services Research, University of Liverpool, Liverpool, UK
2School of Dental Sciences, Newcastle University, Newcastle upon Tyne, UK
3Department of Biostatistics, University of Liverpool, Liverpool, UK
4Department of Psychological Sciences, University of Liverpool, Liverpool, UK
5Institute of Health and Social Care, Newcastle University, Newcastle upon Tyne, UK
*Corresponding author harrisrv@liverpool.ac.uk
Background: A new NHS dental practice contract is being tested using a traffic light (TL) system that
categorises patients as red (high risk), amber (medium risk) or green (low risk). This is intended to increase
the emphasis on preventative dentistry, including giving advice on ways patients can improve their oral
health. Quantitative light-induced fluorescence (QLF) cameras also potentially offer a vivid portrayal of
information on patients’ oral health.
Methods: Systematic review – objective: to investigate how patients value and respond to different forms
of information on health risks. Methods: electronic searches of nine databases, hand-searching of eight
specialist journals and backwards and forwards citation-chasing followed by duplicate title, abstract- and paper-
screening and data-extraction. Inclusion criteria limited studies to personalised information on risk given to
patients as part of their health care. Randomised controlled trial (RCT) – setting: NHS dental practice. Objective:
to investigate patients’ preferences for and response to different forms of information about risk given at
check-ups. Design: a pragmatic, multicentred, three-arm, parallel-group, patient RCT. Participants: adults
with a high/medium risk of poor oral health attending NHS dental practices. Interventions: (1) information given
verbally supported by a card showing the patient’s TL risk category; (2) information given verbally supported by
a QLF photograph of the patient’s mouth. The control was verbal information only (usual care). Main outcome
measures: primary outcome – median valuation for the three forms of information measured by willingness to
pay (WTP). Secondary outcomes included toothbrushing frequency and duration, dietary sugar intake, smoking
status, self-rated oral health, a basic periodontal examination, Plaque Percentage Index and the number of
tooth surfaces affected by caries (as measured by QLF). Qualitative study – an ethnography involving
observations of 368 dental appointments and interviews with patients and dental teams.
Results: Systematic review – the review identified 12 papers (nine of which were RCTs). Eight studies involved
the use of computerised risk assessments in primary care. Intervention effects were generally modest, even
with respect to modifying risk perceptions rather than altering behaviour or clinical outcomes. RCT – the trial
found that 51% of patients identified verbal information as their most preferred form, 35% identified QLF as
most preferred and 14% identified TL information as most preferred. The median WTP for TL was about half
that of verbal information alone. Although at 6 and 12 months patients reported taking less sugar in drinks,
and at 12 months patients reported longer toothbrushing, there was no difference by information group.
Qualitative study – there was very little explicit risk talk. Lifestyle discussions were often cursory to avoid
causing shame or embarrassment to patients.
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Limitations: Only 45% of patients were retained in the trial at 6 months and 31% were retained at
12 months. The trial was conducted in four dental practices, and five dental practices were involved in the
qualitative work.
Conclusions: Patients prefer personal, detailed verbal advice on oral health at their check-up. A new NHS
dental practice contract using TL categorisation might make this less likely.
Future work: Research on how to deliver, within time constraints, effective advice to patients on
preventing poor oral health. More research on ‘risk work’ in wider clinical settings is also needed.
Trial registration: Current Controlled Trials ISRCTN1242343.
Funding: Funding for this study was provided by the National Institute for Health Research (NIHR) Health
Services and Delivery Research programme and will be published in full in Health Services and Delivery
Research; Vol. 7, No. X. See the NIHR Journals Library website for further project information.
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Plain English summary
A new system in NHS dentistry in England is being tested, which involves putting patients into trafficlight (TL) categories: ‘red’ for high, ‘amber’ for medium and ‘green’ for low risk of dental disease.
Currently, it is not known whether or not dentists talk to patients about risk, whether or not patients find
TL risk information useful and if this leads to improved behaviours such as better toothbrushing. New camera
technology, quantitative light-induced fluorescence (QLF), is also available and produces attention-grabbing
photographs with unbrushed areas highlighted in red. Whether or not patients appreciate this information
and use it to improve their brushing is not known.
First, a literature review was carried out to see whether or not the form in which risk information is presented
to patients is valued and useful. This review found only 12 studies, mainly showing that even if information
is presented visually or with computers, patients still want to discuss information to make it meaningful.
Second, an experiment was conducted in four dental practices involving 412 patients who were given
(1) TL information, (2) QLF photographs or (3) just verbal information. Information on oral health was
collected from patients, QLF images of their teeth were taken and telephone interviews were conducted
6 and 12 months later. It was found that 51% of patients liked verbal information best, 35% of patients
liked QLF photographs best and 14% of patients liked TL information best; this varied between practices.
When patients were asked to value information, TL was valued least. Although there was a slight
improvement in patients’ reports of toothbrushing and amount of sugar in drinks, there was no difference
between the three types of information tested.
Third, 368 dental appointments were observed and 30 patients and 16 dental staff were interviewed.
Mixed views were found about TL and QLF information but, mostly, what patients really want is detailed,
personal, verbal information from their dentist.
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Scientific summary
Background
In recent times, the notion of ‘risk’ has shifted from just being about the likelihood of an unfortunate event
happening. Risk now also involves thinking about what actions are being taken to avoid the misfortune
and who is to blame when things go wrong. Together with a rise in neoliberal thinking whereby citizens
have responsibilities as well as rights, this means that health policies now increasingly emphasise that
patients have a shared responsibility for maintaining their own health and are accountable for obeying
recommendations to control their health risks.
The new model of NHS dental practice contract currently being tested reflects this. All patients receive an
oral health risk assessment and are categorised into traffic light (TL) red (high risk), amber (medium risk) or
green (low risk) groups at their check-up. TL categorisation is intended to restrict complex dental treatment
for red patients, and prompt patients to adopt healthier lifestyle behaviours, such as better toothbrushing
and reduced sugar consumption. However, we do not know whether patients value risk information
presented as a TL or act on it. At the same time, new technology has expanded the way of presenting oral
health information to patients. A quantitative light-induced fluorescence (QLF) camera can show tooth
demineralisation before cavities are visible with the naked eye. It also highlights mature plaque (> 48 hours),
which fluoresces red.
Objectives
The overarching aim of the study was to investigate patients’ preferences and responses to information
about risk of poor oral health given at dental check-ups.
The primary objective was to compare, in a randomised controlled trial (RCT), patients’ preferences for
(1) verbal information only, (2) verbal information accompanied by TL information or (3) verbal information
accompanied by a digital QLF photograph of the patient’s mouth.
This study also had several secondary objectives. These included undertaking a systematic review of
different forms of information on risk given in clinical settings and undertaking a qualitative investigation
of how patients’ oral health risk is communicated in routine dental practice. As part of the RCT we also set
out to explore differences in preferences for the three different types of information by demographic,
behavioural and psychographic groups, and to investigate any change in patients’ behaviour using
variables derived from the extended parallel process model (EPPM).
Methods
Systematic review
The systematic review involved an electronic search of nine databases, along with hand-searching eight
specialist journals, and backwards and forwards citation-chasing. The search was limited to personalised
information on risk given to patients as part of their health care. Cochrane’s risk-of-bias methods were
used to undertake a quality assessment of included RCTs.
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Randomised controlled trial
The third part of the study involved recruitment of 412 ‘red/amber’ patients to a RCT in four NHS dental
practices. This involved 43 dental staff (excluding staff turnover). Forty-two per cent of patient participants
came from the three most deprived areas, according to the Index of Multiple Deprivation. Participants were
randomised to receive verbal, TL or QLF information from dentists after their check-up had been completed.
After randomisation and before their check-up, patients were asked to rate their preference and willingness
to pay (WTP) for the three forms of information. Patients revisited their WTP after receiving their information.
At the baseline visit, a range of information on previous dental experience, dental anxiety, literacy and various
socioeconomic indicators was collected. Data were collected on patients’ oral health behaviours (smoking
status, toothbrushing frequency and duration, use of fluoride and dietary sugar intake), as well as EPPM
variables, as potential mediators of any behaviour change. Dental staff were trained to take QLF photographs
of all patients at baseline and when they attended the following two dental visits (short-term follow-up)
in order to measure any changes in percentage of dental plaque coverage and tooth demineralisation.
Dentists also undertook a basic periodontal examination (BPE) score at baseline and at short-term follow-up
visits. Participants were followed up at 6 and 12 months by telephone or e-mail to investigate reported
behaviour change.
Qualitative work
Qualitative work involved an ethnography in five NHS dental practices, which included the observation of
368 routine appointments and the practice environment (between 4 and 12 weeks in each practice) plus
formal interviews with 16 dental staff and 30 patients. One of these practices operated according to a
prototype of the new NHS dental contract reimbursement arrangement.
Results
Systematic review
The systematic review identified 12 papers, nine of which had a RCT design. Eight studies involved the use
of computerised health risk assessments in primary care. Beneficial effects were relatively modest, even in
studies aiming only to enhance patient–clinician communication or to modify patients’ risk perceptions.
No previous work had considered how patients value different forms of risk information.
Randomised controlled trial
The trial found that 51% of patients identified verbal information as their most preferred form, with
35% identifying QLF as their first preference and only 14% preferring TL information. The dental practice
attended was predictive of first preference for verbal and QLF, even after all sociodemographic variables
were controlled for. Being a younger patient (aged between 18 and 35 years) also reduced the likelihood
of preferring verbal information. Patients valued TL information according to WTP significantly less than
either verbal or QLF information (even though we made it clear that TL was accompanied by a verbal
explanation). Microcosting identified that verbal information costs £6.15 per patient, TL costs £5.89 per
patient and QLF costs £12.62 per patient. We did not undertake a cost–benefit analysis because usual care
(verbal) was the most preferred.
The study retained 185 (45%) participants at the 6-month follow-up and 153 (31%) participants at the
12-month follow-up. Although the attrition bias analysis did not show a significant bias in participants
retained at 6 months, patients with low incomes and higher baseline sugar consumption were less likely
to be retained at 12 months. Although at 6 and 12 months patients reported taking significantly less sugar
in drinks and at 12 months reported a significantly longer toothbrushing duration, there was no difference
according to information group allocation, and so this may have been a cohort effect.
This was the first time QLF technology had been used to gather clinical outcome data in a RCT undertaken
in dental practices, and implementation proved to be challenging. Short-term follow-up data from QLF
images were compromised by technical difficulties and some poor-quality images taken by the dental
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team. In addition, a significant proportion of patients failed to attend follow-up care, which was, to some
extent, anticipated, given that participants were those with a high/medium risk of poor oral health and
34% came from households with < £16,000 per annum income. However, 83% (85) of good-quality
short-term follow-up QLF images were obtained from one practice and showed a significant reduction
in plaque coverage between participants in the QLF and the verbal information group (p < 0.01). There
was no association between self-reported toothbrushing behaviour and percentage of plaque coverage
in the data.
Qualitative work
The qualitative work found that, despite routine dental check-ups being a risk context, there was very
little explicit risk talk between patients and the dental team, even in the new dental contract prototype
practice. Risk and its derivatives were mentioned only 29 times in 19 out of 368 appointments observed.
Risk discourse, therefore, appears to be more of a policy and professional concern than one that has
meaning for patients in a clinical context. When risk was discussed, it was mainly in conjunction with
outlining potential adverse outcomes relating to treatment, such as extractions. Only nine of the discussions
observed concerned risks of poor oral health associated with smoking or inadequate toothbrushing
behaviour. It was observed that lifestyle discussions were often cursory to avoid causing shame or
embarrassment to patients. It was striking that TL categorisation did not prompt explicit risk talk or an
expanded discussion on lifestyle risk. TL information was sometimes even seen to act as a short-hand for
communicating oral health status to the patient and to close down discussions.
Interviews found that patients were mostly ambivalent about TL information. They felt that the information,
although simple, was fairly meaningless without additional explanation from the dentist. Conversely, the
study found that many patients had strong reactions to QLF photographs. Several patients described feeling
uncomfortable looking at a photograph of their mouth, anticipating possible shame and guilt. However,
despite initial reactions, patients reported an appreciation of the possible utility of QLF images. Both TL and
QLF images were seen as being potentially useful in marking progress and encouraging patients who were
making progress improving their oral health, but the study itself was limited to using these tools to convey
information at one time point.
Conclusions
All three strands of the study point to the importance that patients place on verbal communication when
receiving information on health risks. The study has particular importance in the NHS dental context, given
that a dental contract model involving categorisation of patients by TL risk categories is due to be rolled
out nationally in the next couple of years. The findings suggest that incorporating a TL risk categorisation
into the delivery of NHS dental practice might reduce the extent to which patients are given detailed,
personalised information on their oral health following check-ups.
Given that new technologies, such as scans and radiographs, can generate very vivid imagery to convey
information on health risk for patients with a range of different conditions, this study indicates that,
although some patients may feel initially uncomfortable, if this is accompanied by a detailed explanation of
the image by a clinician, patients may find it useful.
The study undertook a very complex RCT in NHS dental practices, made more complex by using QLF
photographs as a planimetric method of assessing dental plaque coverage and to measure early dental
caries development. Although we experienced particular difficulty gathering QLF images to measure tooth
demineralisation, in one of the four practices observed, sufficient QLF data were available to reveal that
there was a significant reduction in the percentage of plaque coverage in patients receiving information
using QLF photographs. Whether or not this represents a clinically significant difference for patients is
debatable. However, it raises the question of whether or not QLF technology might be a useful tool to
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measure clinical outcomes in trials for which calibrated follow-up clinical examinations are impracticable,
and to what extent they correspond with self-reports of oral health behaviours.
Our study found, despite a growing emphasis on patients sharing responsibility for controlling risks to their
health, that surprisingly little work has been conducted in this area. Further research is needed to assess
whether or not explicit discussion of risk is missing in clinical interactions elsewhere in health care as much
as it seems to be in dentistry. There is also a need for more research on how best to support clinicians in
undertaking constructive conversations with patients that avoid making them feel shamed about improving
health behaviours.
Trial registration
This trial is registered as ISRCTN71242343.
Funding
Funding for this study was provided by the Health Services and Delivery Research programme of the
National Institute for Health Research.
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Chapter 1 Background and introduction
Risk and responsibility in the NHS
Defining risk
Risk is the possibility that something unpleasant or unwelcome will happen.1 Therefore, risk carries two
elements: the probability of an adverse outcome happening and how important or troublesome the outcome
would be.2 Linguists have identified the word as originating from the world of navigation (the Latin word
‘risicum’ meaning sailing into uncharted waters, and the Greek ‘rhiza’ meaning the hazards of sailing too
near to the cliffs, contrary tides, turbulent downdraughts, etc.). However, scholars have noted that the word
risk is often used very loosely in everyday parlance and, as a conceptual phenomenon, is open to multiple
interpretations.3 Giddens, for example, argues that in traditional cultures, and in the Middle Ages, there
was no such notion as risk (because troubles were understood to come from God, or simply to be part of a
world that one takes as granted).4 Rather, the idea of risk is ‘bound up with an aspiration to control and
particularly with the idea of controlling the future’.4 Lupton also identifies that the concept of risk in late
modernity assumes that ‘something can be done’ to prevent misfortune.5 She observes that ‘the notion
of risk is associated with notions of choice, responsibility and blame, and has become a means by which
institutions and authorities are held accountable and encouraged to regulate themselves’.5 The term
‘risk society’ has been coined to describe modern ideas of the nature of and attitudes to risk.6
General policy context: discourse on risk and individual responsibility
Public health in the UK and other Western countries currently operates within a neoliberal model.7–10
Here, neoliberalism refers to a ‘system of thoughts and beliefs’7 about the role of the state that includes
‘shrinking state mandate, deregulation and privatisation, a faith in markets to govern social life, and an
increased emphasis on personal choice and freedom’.11 Using this definition to think about health, neoliberal
approaches emphasise the role and responsibility of individuals to make healthy choices and, subsequently,
to accept the blame for their failure in order to become a ‘good’ citizen.12,13 As such, citizens have a duty
to be well.14 Neoliberal approaches to health in the UK are readily seen in governmental policy documents
with references to an onus on the public ‘to take personal responsibility for their own health’.15 Although the
recent UK White Paper states that responsibility for health should be shared, it also emphasises the need for
approaches to ‘empower individuals to make healthy choices’.16
In a ‘risk society’ where personal responsibility for health is emphasised, experts are essential in order
to provide knowledge to guide individual decision-making. Psychologists largely follow this tradition,
tending to focus on risk behaviours and ways in which individuals’ responses to risks can be improved.17
This, however, assumes that risk is an objective reality that can be measured, controlled and managed.3
Although this ‘technicoscientific’ perspective18 on risk predominates in science and medicine, there is a
danger that this approach overplays certainty when there is none.6,19,20
An alternative standpoint is to understand risk as socially constructed within cultures,21–24 an approach
emphasising that risk-taking is a form of social action that involves individuals facing challenges and making
decisions that contribute to their social identity.17 Anthropologists, for example, identify that there is often a
bias ‘highlighting certain risks and downplaying others’.21 For example, the focus on young people’s drinking
in the context of excessive drinking among the middle-aged.25 Advocates of the sociocultural perspective
are concerned when, because risk tends to relate to danger and thus has a negative valence,21,26 objects,
behaviours and groups are described as ‘risky’ and inevitably associated with badness, danger, being morally
flawed7 and deviant.27 Current policy discourse tends to encourage people to ‘define themselves in part by
how well they succeed or fail in adopting healthy practices’.28 Where certain groups are being defined as
‘high risk’, a rounded perspective on risk should therefore consider who is being judged, who is being
blamed and who is labelling them as dangerous.21
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Rationing through risk assessment
Rationing (a process that restricts access to potentially beneficial but scarce resources) is inexorably linked
to risk assessment; when professionals judge people to be at a ‘high risk’ of some disorder, they invariably
seek to target scarce services at the selected population.29 Being labelled ‘at risk’ can result in individuals
being targeted for ‘expert advice, surveillance and control’.30,31 ‘Low risk’ patients may be allocated
proportionally fewer resources, even though they may have benefited from these.29
Within a context of neoliberal responsibilisation, however, ‘high-risk’ individuals might also face restrictions
on certain types of care. This is because a multiplicity of responsibilities exist.11 Neoliberal ‘responsible’
citizens exist within a matrix of dependencies. While patients share responsibility with clinicians for their
health, clinicians have wider responsibilities too, to other patients, to the state and to society in general for
their use of scarce resources. Thus, fertility treatment is restricted for women over a certain body mass
index,32 priority scoring tools including positive exercise tests, non-smoking habits are introduced to deal
with elective surgical waiting lists,33 and root canal treatment, crowns and bridges are restricted for ‘red’
patients within prototypes of the new NHS dental contract being tested.34 Risk is a notion that is relevant
to almost every aspect of modern health care; its relevance extends beyond a means to improve the way
patients look after their own health and it has a significant impact on the way health services themselves
are delivered, especially in NHS dentistry.
Dental policy context
Since the 1990s, there have been various models of contract-governing work undertaken in NHS dental
practice. All have been met with unintended consequences and have led to further reform.35 Two prototypes
of a new model contract are currently being tested in > 80 English dental practices.34 Both are based on
the principle of allocating patients to clinical care pathways according to an oral health risk assessment
undertaken at a dental check-up.36 Information on the patient’s medical history, social history (self-care,
e.g. toothbrushing habits) and clinical examination findings determine whether the patient is categorised
as red (high risk), amber (medium risk) or green (low risk) within the traffic light [red–amber–green (RAG)]
system. In the prototypes and earlier pilot practices, software with a RAG algorithm was used to generate
the red–amber–green rating of risk, which was then ‘fed back to the patient and used for appropriate
advice and treatment’.37 Data from new contract pilot practices indicates that 16% of adult NHS patients
are green (have healthy mouths and virtually no signs of disease), 56% are amber and 28% are red.37
Risk communication
Risk communication is something that most clinicians do every day.38 In dentistry, risk communication is
even recommended as something which ‘should form part of every patient interaction’.39 This is because,
first, patients’ risk perception, and how this balances with benefits, lies at the heart of helping patients
make informed choices between treatment options and, second, because self-care and self-management
behaviour is underpinned by how patients perceive threats to their health.40,41 Risk communication is also
the concern of public health practitioners, where it is seen as crucial to the prevention and co-operative
management of health risks, and ‘at least equally essential to outbreak control as epidemiological training
and laboratory analysis’.42 While this study is concerned with risk communication with patients in a
health-care setting to prompt improvements in self-care behaviour, its findings have relevance to other
activities involving communication of health risk messages in other contexts.
Recent systematic reviews of risk work in health-care settings have found a deficit of research looking at
how risk is acted on, and communicated, in routine practice.1
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Tailoring of risk information
‘Tailoring’ refers to methods of creating communications that are individualised to the receivers, with the
intention that this increases impact.43 Studies generally show that tailoring of information is beneficial.43–45
Tailoring of risk information for health education purposes is thought to be especially important, because
people are found to report their own risk of experiencing a health problem as less than that of an average
person, even when given information about the average person’s risk or behaviour.46 This systematic
underestimate of personal risk is a barrier to the adoption of all types of precautionary health behaviour.46
Individualised health communication can range from personalised generic communication (e.g. using
someone’s name to personalise the message) to targeted communication (composing the message with a
particular group or segment of the population in mind, an approach that is the basis of many public health
education and social marketing campaigns), through to truly personalised communication that provides
information based on characteristics that are unique to a person (e.g. as in brief counselling interventions).
These approaches involve tailoring, which is based on characteristics beyond broad demographic categories
such as age or gender and, therefore, depend on some sort of individual assessment. However, with the
advent of computer-based tailoring, the population reach can still be wide.47,48
Social marketing, which takes lessons from commercial marketing and applies them to the health and
social sectors,49 takes a targeted communication approach out of concern that health messages, given
inadequate understanding of the groups they are meant to serve, can result in a widening of health
inequalities between the rich and poor.50 It divides populations into ‘audience segments’ according to
shared characteristics and behaviours, and then explores what each target audience prefers to do and
what affects their behaviour and preferences.51 The emphasis is on developing a whole understanding of
consumers’ complexities of life, and how people choose to navigate these.50 Pricing is a major device in
the social marketing toolbox, which sums up the costs that the target audience will ‘pay’ for adopting the
desired behaviour that leads to the promised benefits. Taking a ‘value to user’ approach as opposed to
an ‘expert defined product’ approach lies at the heart of social marketing approaches that aim to design
programmes which make changing behaviour easy.49 Health information preferences is one way in which
populations may be segmented, with this directly informing how health promotion approaches might
be best applied.52 Although many studies report area-based differences in oral health and behaviour, with
application in identifying small areas that may benefit from health promotion activities,53 relatively little
information exists concerning the value that people in deprived areas place on interventions that aim to
improve their oral health. More work is also needed about the type and amount of information people
want concerning their oral health, and whether or not this varies according to different psychographic
(attitudes, values, lifestyle) groups. This study therefore has relevance, not just to inform the giving of
risk information to individual patients in NHS dental practices, but in informing the design of risk
communication messages to targeted segments of high-risk populations.
Risk presentation, format and information visualisation
Previous literature on risk communication has concentrated on information framing, the interpretation
of numerical information54,55 and whether presenting information numerically or in different graphical
forms has greater impact.56,57 Rothman and Kiviniemi46 group these investigations as ‘probability-based
approaches’, comparing them with contextually based communication strategies. They conclude that
probability-based approaches alone are unlikely to be successful, not just because people generally have
difficulty understanding and using quantitative information, but because risk perceptions are ‘imbued
by emotion’ and ‘always interpreted via a social and cultural lens’.58 As an alternative, they outline
contextually based approaches to risk communication, which are better at recognising that lay conceptions
of risk are based on a rich mixture of cognitive and affective beliefs, and enable people to develop a
mental model that delineates the personal relevance of a given risk.46 An example of a contextually based
approach would be to direct individuals to imagine themselves experiencing a symptom of a disease in
order to heighten their perception of personal vulnerability.
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Information visualisation is important here. It assists sense-making, which is the process of finding meaning
from information.59 For example, a study including digital photographs to contextualise and augment
glucometer readings for people living with diabetes mellitus, found that the images carried deeper meaning
than purely looking at the readings, and helped participants to address the social and psychological challenges
of living with the condition.60 Patients are known to use heuristics (simplified ‘rules of thumb’) to allow them
to understand and make decisions.61,62 Although heuristics may be biased by non-relevant information, such
as cultural expectations and emotional responses, they are still important in allowing patients to process large
amounts of complex and novel information and make decisions.63,64 The traffic light (TL) categorisation of
patients’ oral health risk is an example of an information format that provides a simple portrayal of complex
sets of information, which may be useful and valuable to patients (although this has never been tested).
People’s understanding of risk is thought to be enhanced when information is presented in a vivid way,
holding their attention.65 Although all patients can benefit when pictures are used, people with low literacy
skills are especially likely to benefit.65 Very vivid and highly personalised information is increasingly available
as risk communication tools, given recent advances in technologies, scans and radiographs now available
that show, for example, body fat, heart function and osteoarthritis of joints. Previous studies have shown
that medical imagery that gives a vivid representation of the consequences of unhealthy behaviour can
enhance risk communication, although these have used general rather than personalised images, which
provide less personalised information about risk status.66–68 None of these studies investigated the extent to
which patients appreciate and value this type of information.
Developments in dental photography technology allow a vivid and highly personalised way of presenting
risk information to dental patients. A quantitative light-induced fluorescence (QLF) camera can produce
images of teeth showing tooth mineral loss before it is visible to the naked eye and before cavities
develop.69 Demineralised areas show up as dark spots on QLF photographs, where loss of fluorescence
correlates with mineral loss in the lesions (when teeth demineralise there is a loss of fluorescence due to
an increase in tooth porosity, which in turn leads to a decrease in the refractive index of the carious lesion)
(Figure 1). Camera software allows changes in fluorescence of dental enamel to be quantified to estimate
mineral content and, as such, can be used to evaluate changes in level of dental caries, although this
requires dental plaque to be removed from teeth before the image is taken.
Quantitative light-induced fluorescence also highlights mature dental plaque in a relatively vivid way.
Mature dental plaque (present for ≥ 48 hours) contains porphyrins, a by-product of the bacteria that
appear as bright red/orange areas (red fluorescence)70 under QLF conditions (Figure 2). QLF images can
therefore be a useful means of monitoring patients’ toothbrushing behaviour over several days rather than
just behaviour related to the day of the oral examination itself. Plaque Percentage Index data gathered
from QLF photographs permit plaque assessment on an interval scale and show excellent reliability when
repeated measurements of the same image are analysed.70 The tooth surface area of red autofluorescence
of dental plaque can also be measured using software associated with the QLF equipment.
FIGURE 1 Example QLF image of early tooth decay: dark patches on the image.
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Quantitative light-induced fluorescence images can be stored in clinical records for subsequent reference
and shared with the patient (digitally or as a hard copy). Images can be discussed at the dental chair-side
on a computer screen or tablet, with the option of e-mailing images to patients’ mobile devices or
computers as material to support the message given.
Quantitative light-induced fluorescence offers an alternative risk communication tool to TL graphics
currently being used in new dental contract prototype practices. Although possibly more expensive as a
higher-technology option, its potential benefits and whether or not patients value information in this form
has never been properly explored. Incorporating QLF technology into the study also allows us to gather
objective measures of oral health (demineralisation of teeth and plaque coverage).
Traffic light and QLF imagery have contrasting features as risk communication tools:
l TL image –
¢ simple information
¢ individuals grouped by category
¢ image is pictorial but not vivid
¢ low technology.
l Quantitative light-induced fluorescence (QLF) –
¢ detailed information
¢ personalised to individuals
¢ vivid
¢ high technology.
Risk work
Previous research on risk in the health context has focused mainly on either the perspective of patients or
on the governance of risk by organisations.71 By contrast, very little work has been conducted which takes
a service delivery perspective. For example, dealing with how frontline health-care workers undertake
activities concerned with identifying and managing risk. Against a backdrop of a ‘risk society’,6 Gale et al.71
used the term ‘risk work’ to denote ‘working practices framed by concepts of risk’. Despite a drive from
evidence-based medicine for consistent application of externally produced knowledge, dealing with
uncertainty remains part and parcel of medicine, which is both an art and a science,72 so ‘risk work’ is
central to everyday health care.
FIGURE 2 Example QLF photographic image of plaque coverage: red fluorescence highlighting plaque present in
the mouth for > 48 hours.
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‘Translating’ risk information into different contexts is a common health-care activity.71 Some of this work
involves translating ‘up’, identification of individuals and creating auditable records to ensure accountability
(e.g. as in the RAG categorisation of NHS dental patients in prototype practices). Translation work is also
required, when clinicians take population-level data and converse with patients, translating the data into
meaningful information for the individual in order to bridge the gap between scientific and lay perspectives
of risk.73
Talking to patients about risk can in itself be risky: first, balancing uncertainties in risk makes talk difficult73
(some risks may be open to medical uncertainty); second, ‘risk talk’ can be threatening for patients who
may experience shame or embarrassment as a result; and, third, risk does not automatically concern an
actual deviance in the patient’s body, but rather indicates a probability of something happening in the
future, and hence risk talk can be anxiety inducing for patients. Risk talk can even result in a deterioration
of a patient’s health: ‘once a person knows that she or he is at risk, the person often starts to feel uneasy
and it is possible that she or he begins to feel sick and indeed becomes sick’.73 While previous studies have
investigated risk talk using discourse analysis,73 contextual, extraneous information in interpreting discourse
data (ethnographic methods) is recommended.74
Theoretical model of risk perception and behaviour change
Imagery and numeric risk estimates are thought to influence people’s reaction to risk messages by
increasing patients’ perception of the said threat to their health and well-being, thus heightening fear
regarding any negative consequences of inaction.75 The extended parallel process model (EPPM) is
therefore relevant in this context because it predicts that people engage in defensive behaviours when
they perceive themselves to be at risk of a threat.76 The EPPM model is based on the concept of ‘fight or
flight’. It supposes that a person is likely to ‘flee’ if they perceive that the threat is great and that they have
little hope of overcoming the obstacle, whereas they are more likely to ‘fight’ where they believe that
(1) the challenge is important enough (perceived threat) and (2) they can win (perceived efficacy) (Figure 3).
According to the EPPM, ‘perceived threat’ has two components (threat susceptibility and threat severity),
as does perceived efficacy’ (response efficacy and self-efficacy). Self-efficacy refers to individuals’ subjective
beliefs that they can complete behavioural changes.77 Response efficacy relates to the person’s belief
about how effective the recommended behavioural change will be to reduce the threat. The EPPM model
hypothesises that when both threat and efficacy levels are high, danger control processes ensue, which
lead to aversive action, whereas when threat appraisal is high and efficacy appraisal is low, this can lead
people to a maladaptive action, such as rejecting the message. The EPPM, therefore, theorises that when
someone is presented with information at their dental check-up appointment (e.g. about their risk of tooth
decay or gum disease), they may either sense no threat and do nothing/become fearful and ignore the
message or begin a danger control process, which drives them to accept the challenge and adopt the
recommended course of action.
No fear
Fear
No threat perceived
(no response)
Danger control
Process/fight
Perceived efficacy
(self-efficacy,
response efficacy)
Perceived threat
(susceptibility, severity)
Fear control
Process/flight
Behaviour
change
No behaviour
change
FIGURE 3 The EPPM.76
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The course of action which the patient takes is therefore thought to be influenced by the extent to which
the message given conveys how serious the threat is (e.g. pain, spoilt appearance from tooth decay), and
how susceptible they are to such problems. The form in which information on risk is given is particularly
relevant here. Imagery, in particular, has been associated with defensiveness.78 The EPPM opens the
possibility that certain risk communications can have negative as well as positive effects on individuals.79
The EPPM will therefore be used as a framework to help understand why TL or QLF supplements to usual
verbal risk communication at dental check-ups are or are not effective, and how effectiveness of risk
communication may be improved.
Overview of the project
Aims and objectives
Our aim is to describe how patients value and respond to information on their oral health status and risk,
and to compare the value of three different methods of presenting information on patient’s oral health
and risk: verbal communication only, verbal supported by information presented as a TL graphic, or a QLF
image of the patients’ own mouth.
Objectives
1. Describe what type of information patients want, need and prefer when having a dental check-up and
how they use this information.
2. Describe how patients interact with the three different forms of information.
3. Investigate whether or not and how the clinician–patient relationship is influenced by patients having
access to different types of information.
4. Measure individuals’ preferences, by using the economic, preference-based valuation methodology
[willingness to pay (WTP)] for each of the three different methods of giving information.
5. Identify differences in preference for different types of information by differing demographic,
behavioural and psychographic groups.
6. Use variables from derived established models of the behavioural change process to predict the
likelihood that different forms of communication will lead to behaviour change; and to measure
any actual behavioural changes and link these with differences in valuations.
7. Conduct a cost–benefit framework analysis of the three different methods and to explore financial
implications for NHS dentistry.
Research plan and outline of chapters
In order to frame our research within the wider health-care context, and help address objective 1, we
undertook a systematic review to identify and summarise any previous research undertaken in clinical
settings concerned with how patients value and respond to health risk information given in different
forms. This was focused on giving personalised feedback about health states or health risks in different
forms (for example, but not limited to verbal, written, diagrammatic, photographic information), and
investigated the following outcomes: patients’ preferences and economic valuations, objectively verified
behavioural change, self-reported behavioural change and potential mediators of change including
behavioural intentions and risk perceptions, as well as having an impact on patient-carer communication
and patient satisfaction. Methods and results are given in Chapter 2.
To help address the first three objectives, we undertook an ethnographic study. This began before the
experimental stage of the research [a randomised controlled trial (RCT) in NHS dental practices] and
continued as a piece of qualitative research alongside the trial. The purpose of ethnography is to provide
in-depth accounts of people’s views and behaviours as well as the significance of the inhabited space of
the interaction.80 As well as collecting qualitative data by interviewing patients and dental staff, we collected
a wealth of ethnographic data, which included non-participant observations of dental appointments.
We did this in recognition that dental staff and patients may behave differently during the dental appointment
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(or the ‘front stage’ according to Goffman81) than in other spaces and interactions (back stage). Cross-
examining dental team and patients’ accounts with observations of everyday practices allowed us to
investigate discrepancies between what patients and dental staff said and what they actually did to become
apparent; this allowed us to more fully explore objectives 1–3 using the concept of ‘risk work’82 as a
framework. Risk work is concerned with working practices that occur under the guise of risk, for example
what do discussions of risk do in NHS dental practice, how dentists translate risk information to patients,
how dentists amplify or minimise risk when giving patients information and how dentists provide care to
patients when addressing risk.71,82
The qualitative research component of the study is described and reported in Chapter 5. The qualitative
component of the study was also used to identify negative outcomes from poor dental health which were
important to patients, for inclusion in RCT data collection as measures to investigate potential mechanisms
related to behaviour change (see Chapter 3, Secondary outcomes).
Objectives 4–7 are addressed in a RCT undertaken in four NHS dental practices, the methods and results
of which can be found in Chapter 3 and 4, respectively. This research was undertaken with the active
participation of four people who have a patient and public perspective in the formulation and conduct of
the research, as well as in its reporting. Chapter 6 is written by this group and outlines their involvement
and perspective. Chapter 7 brings together the various research components in a discussion of findings
and implications for policy and practice. We also identify future research needs in this area.
Ethics and NHS Research Governance approvals
Liverpool Health Partners was the research sponsor (approval reference number UoL001042). Favourable
ethics opinion for the study was confirmed by the North West – Liverpool East National Research Ethics
Committee (REC) on 1 August 2014 (REC reference number 14/NW/1016). A subsequent substantial
amendment in ethics approval was obtained on 18 March 2016 pertaining to the RCT [to allow a prize
draw of 10 lots of £25 (amounting to £250 in total) for patients completing follow-up data collection at
6 months and, again, at 12 months]. NHS Research Governance approval was obtained from The Royal
Liverpool and Broadgreen University Hospitals NHS Trust on 20 August 2014 (reference number 4819).
All participants in the study (dental staff and patients) received a written information sheet relating to their
aspect of the study, written and signed consent was obtained before their involvement in the study. The
information sheet provided details of the study, information on right to withdraw at any time, anonymity
and confidentiality, along with contact details of the research team. Participants were given the opportunity
to ask questions before consent was taken.
Records identifying participants used a system of identification (ID) numbers to preserve anonymity, with all
data stored under the guidelines of the 1998 Data Protection Act.83 No patient-identifiable information
was sent via electronic means (use of coded study number, patient’s gender and age only). Details of patients
participating in the RCT were recorded in a recruitment log and this was held by the NHS dental practice
where they were recruited. This information was later collected in person by a member of the research
team, rather than transmitted electronically, in order to conduct follow-up data collection.
BACKGROUND AND INTRODUCTION
NIHR Journals Library www.journalslibrary.nihr.ac.uk
UNCORRECTED PROOF DATE: 06/07/2019 FILE: 13-33-45-2P.pdf
8
Chapter 2 Systematic review
To enable us to understand the contribution of our research in the NHS dental practice context to thewider context of health care more generally, we undertook a systematic review to identify previous
work that had focused on the form of risk information given to patients in a clinical setting. Our review
focused on research that provided personalised feedback to patients about health states or health risks in
different forms and in clinical settings (e.g. verbal, written, diagrammatic and photographic information).
We also focused on research that investigated the following outcomes: patients’ preferences and economic
valuations, objectively verified behavioural change, self-reported behavioural change and potential mediators
of change including behavioural intentions and risk perceptions, and impact on patient–carer communication
and patient satisfaction.
Review methods
Search strategy
We adopted an iterative search strategy, which involved electronic literature searching of nine databases
(including grey literature and dissertation databases) and hand-searching eight specialist journals (see
Appendix 1, Table 24). To strike a balance between literature search sensitivity (finding all articles in the
topic area) and specificity (finding only relevant articles), we initially developed electronic search terms
using TerMine ATR software (using the GENIA Tagger version 2.1 POS tagger, which is customised for
texts from biomedical science) provided by The National Centre for Text Mining, University of Manchester
(www.nactem.ac.uk), applying this to 35 papers previously retrieved through pilot searches undertaken in
Google Scholar (Google Inc., Mountain View, CA, USA).84 We then broadened the search strategy with
general topic search terms (e.g. health education) as is customary to systematic review methods.85 Search
terms used for an example (MEDLINE) search are found in Appendix 1, Table 25. We also used forward
and backward citation searches, that is, reviewing references cited in articles identified earlier in the review
process and searching for publications which cited papers that met study inclusion criteria. Because we
were originally only commissioned to do a scoping review, rather than a systematic review, we did not
contact authors for the full article where only abstracts were available either online or via interlibrary loan.
The search was last updated on 10 October 2017.
Inclusion and exclusion criteria
Literature searching was limited to publications about adults receiving risk information in clinical settings.
We were aware that this was a developing field and wanted to include reports which might be likely to lead
on to experimental work in the near future (we had originally been commissioned to do a scoping review).
Therefore, we included all types of study design, including qualitative work and protocols, although intervention
study designs were limited to those comparing delivery of tailored risk information in one form with usual care
or verbal risk messages, or with a different form of risk information. We included studies involving giving
tailored information about an individual’s level of health with reference to likely negative consequences, as
well as those involving risk terminology and health outcome probabilities (i.e. studies involving lay concepts
of risk as well as risk defined in scientific terms). We precisely defined personalised (tailored) information
as that ‘given to patients which is reliant on a pre assessment of the patient’ to mirror the situation that
underpins new models of NHS dental care (oral health assessments at check-ups) and the design of the RCT
component of our research. Complete inclusion and exclusion criteria can be found in Appendix 1.
Data extraction and analysis
Quality assessment of included RCTs was undertaken using Cochrane risk-of-bias methodology at the
study level.86 Data extraction items consisted of type of study, intervention type, study populations,
methodology, outcome measures and key results. The limited number and heterogeneity in the design and
outcomes of included studies meant that meta-analysis was not undertaken. We therefore used narrative
synthesis methods to summarise and synthesise findings, juxtaposing data extracted from all included
studies to identify common findings.87
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Systematic review results
Electronic searching and hand-searching identified 17,625 papers, of which 4943 were duplicates. A further
135 papers were identified through backwards and forwards citation-chasing. Title and abstract screening
was undertaken by two independent reviewers, with the full paper retrieved when at least one of the
reviewers identified the study as potentially meeting inclusion criteria. This identified 648 potentially relevant
papers that were then subjected to independent screening by the two reviewers, with any disagreements
resolved by discussion. This identified 12 papers88–99 as being eligible for inclusion (Figure 4).
Nine of the included studies were RCTs, although two of these were feasibility studies91,94 and two were
pilot RCTs93,95 (Table 1). Of the three remaining publications, one was an intervention description,99 one
was a protocol98 and the other was an iterative exploratory study that involved developing an intervention,
with a qualitative analysis relating to the type of information patients preferred.97 The quality assessment
of included RCTs indicates that some of the studies were rated as having a low risk of bias in many domains
(Table 2). There were no intervention studies that were not RCTs.
Number of studies identified
through database searching
(n = 17,625)
Number of additional studies
identified through other sources
(n = 135)
Number of duplicates removed
(n = 4943)
Screened: title and abstract
(n = 12,817)
Number of studies excluded
(n = 12,169)
Reasons
• Non-patients/not usual care, n = 4098
• Not risk, n = 3949
• Review paper, n = 2984
• Child/adolescent, n = 944
• Conference summary, n = 128
• Abstract only, n = 34
• Not located, n = 25
• Opinion paper, n = 7
Number of studies excluded
(n = 636)
Reasons
• No personalised risk presentation, n = 315
• Not received as part of patient’s usual
   care, n = 164
• No comparison of format (intervention
   studies), n = 88
• Decision aid paper, n = 28
• Review paper, n = 17
• No behaviour-change measure, n = 5
• Introduction to special issue, n = 5
• Opinion paper, n = 5
• Non-adults, n = 4
• Editorial paper, n = 3
• Conference summary, n = 2
Full papers assessed for
eligibility
(n = 648)
Id
en
ti
fi
ca
ti
o
n
Sc
re
en
in
g
El
ig
ib
ili
ty
Studies included in the review
(n = 12)
In
cl
u
d
ed
FIGURE 4 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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There were no studies of oral health. Most studies involved the giving of information on cardiovascular
risk.91,92,94,95,97 One study concerned asthma risk information98 and the rest covered broader ‘healthy
life-check’ information. Three studies involved information for patients with type 2 diabetes mellitus.92,97,99
Computerised information was the most common form of information studied.88–91,93,98,99 This reflects an
expanding area of technology which is starting to have an impact on clinical practice. Computers can
generate customised messages on risk, including, for example, patients’ health literacy, locus of control,
internet experience, attitude to self-care, decision preferences and current health knowledge.99 After
patients enter details into a database, computerised capacity (including several hundred text files, graphics
and photographs) can potentially correspond with tailored options to each survey response and all possible
response option combinations.99
Two studies reported RCTs involving computerised health risk appraisals (HRAs) used in a general medical
practice.88,93 The earlier of these integrated computerised risk appraisals into practice-based information
technology systems, and generated individualised feedback for both patients and general practitioners
who had been trained on current care and behaviour recommendations relating to the risk domains
covered. However, it was left to the discretion of doctors and patients as to how any issues identified were
addressed in consultations, if at all.89 Results showed minimal improvement in patients’ health behaviour or
uptake of preventative care across the domains studied89 (see Table 1). It is interesting to note that, in the
later study,88 a face-to-face reinforcement component was added (albeit outside the clinical appointment;
participants were given a choice of group sessions or home visits), and a subgroup analysis showed
favourable effects for HRAs delivered along with personal reinforcement, but not without. A further study
of HRAs with outcomes limited to risk perception rather than clinical outcomes found that adjustments in
optimistic and pessimistic bias occurred in only some disease domains studied.90
A recent RCT96 used iPads (Apple Inc., Cupertino, CA, USA) to deliver a tailored intervention while
pregnant women were waiting for their antenatal appointment. The computer activity included interactive
components and incorporated feedback messages, quizzes, calculators, support messages and recipe
ideas. This RCT found that this intervention increased the amount of fruit/vegetables consumed but
did not increase the engagement with stress-reducing activities. However, a RCT involving a web-based
intervention that gave personalised cardiovascular risk information to patients found no significant
differences in health outcomes or behaviour between intervention and control groups after 3 months91
(see Table 1). In summary, although several studies conclude that computerisation makes tailoring of risk
information possible100 and enables simple and visual representation of complex risk information, further
reinforcement seems to be needed to interpret and discuss the information;88–91 evidence in this area is
limited and more work needs to be conducted.
Studies testing other forms of presenting risk information to patients also found limited evidence for
effectiveness. Studies in the clinical setting presenting risk information by way of population diagrams,92,97
coloured charts94 or photographs95 conclude that risk information presented in this way alone is insufficient
to prompt patients to adopt healthier lifestyles, or even to enhance clinical communication (see Table 1).
The only effect found was a short-term increase in risk perception.92,95 Welschen92 concludes that risk
communication is insufficient on its own, but should be a first stage in a more complex lifestyle intervention.
The closest previous study to the PREFER (presenting information on dental risk) study is a pilot RCT involving
the use of ultrasound images to show the extent of blockage in carotid arteries (alongside contrasting
photographs of a healthy artery) to cardiovascular clinic outpatients.95 The basis for the intervention is
empirical evidence, such as a study drawn from a community-based sample, showing that providing smokers
with photographs of atherosclerotic lesions, together with relevant explanations, increases quit rate at
6 months compared with counselling alone (22% vs. 6%).101 Although the pilot RCT based in outpatients
showed no effect of intervention in smoking behaviour after 4 weeks, the study includes EPPM variables
to investigate possible behaviour-change mechanisms.95 The study found, first, an increase in perceived
susceptibility in the intervention group and, second, that the intervention increased intentions to stop
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smoking only in patients with high self-efficacy (p < 0.03) and not in those with low self-efficacy (p > 0.35).
This led the authors to conclude that, because their study was probably underpowered, the intervention may
have the potential to alter both motivational and behavioural outcomes, and that the moderation effect may
be important and could mean that such interventions may need to include procedures that increase self-
efficacy in order to achieve optimal results.95
Limitations
All systematic reviews must balance sensitivity with the precision of the literature search. In the first
instance, we used text mining based on a selection of sample papers to design a precise search and then
broadened this to increase sensitivity, supplementing with hand-searching. It is possible that by using text
mining in the initial stages, the added precision may have limited the sensitivity of the search and some
relevant papers may have been missed. To make the search manageable within the time and resources
allowed, it was limited to English-language articles and the authors were not contacted for the full article
where only the abstract was available online or through interlibrary loan. As a result, a few relevant papers
may have been missed.
Summary
Although various studies have compared the different ways that risk messages can be framed and
presented to people (e.g. comparing graphs or charts with numerical presentations), even in an era where
risk profiles can be generated in the course of electronic clinical record-keeping and graphic imagery
produced from scan technology with potential applications in health improvement, very few studies have
been undertaken in the clinical setting. Studies that are available indicate that risk information itself
may have a limited impact on health behaviour; discursive practices to define ‘who and what is normal,
standard, and acceptable’ and to create meaning from the information are also needed46 (see Chapter 1,
Risk presentation format and information visualisation).
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Chapter 3 A randomised controlled trial in dental
practice: methods
Trial design, setting and population
This was a pragmatic, multicentre, three-arm, parallel-group patient RCT.
Dental practices
Patients were recruited from four NHS dental practices (practices 1–4, Table 3), located in north-west (NW)
(n = 2) and north-east (NE) (n = 2) England, which were not involved in testing new models of the NHS
dental contract.102 Following pragmatic trial design principles, practices were invited to participate by
sequential invitation based on random selection from a list of NHS dental practices within the two areas
of England. Single-handed practices were excluded to ensure that sufficient numbers of patients could be
recruited to the trial per practice. All four practices were in urban areas, with three of the four in relatively
deprived areas. Practice 5 took part in qualitative work only (see Chapter 5, Observations in dental settings).
TABLE 3 Sociodemographic characteristics of dental practices involved in the study
Practice NHS case mix (% patients) Dental team Location (UK) IMD decile
1 70% NHS, 30% private 1 principal dentist NE, Urban 9 (20% least deprived)
2 FT dentists; 1 PT dentist
1 FT hygienist; 5 dental nurses
1 practice manager
2 95% NHS, 5% private 1 principal dentist NE, Urban 1 (10% most deprived)
1 FT dentist; 1 dentist in VT
1 FT HT
6 dental nurses
3 70% NHS, 30% private 1 principal dentist NW, Urban 1 (10% most deprived)
3 FT dentists; 1 VT dentist
1 FT HT; 6 dental nurses
2 receptionists; 1 practice manager
4 80% NHS, 20% private 2 PT dentists NW, Urban 2 (20% most deprived)
1 PT HT; 1 FT dental nurse
1 trainee dental nurse
1 receptionist; 1 practice manager
5 60% NHS, 40% private Multi-dentist practice, dental team
not disclosed to preserve anonymity
9 (20% least deprived)
(involved in qualitative work only) New contract prototype practice
FT, full-time; HT, hygiene therapist; IMD, Index of Multiple Deprivation; NE, north-east; NW, north-west; PT, part-time;
VT, vocational trainee/training.
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Participants
Participants were adults attending a NHS dental check-up judged to be at high/medium (red/amber) risk
for poor oral health according to a nationally developed algorithm used in practices testing new models of
NHS dental contract.103,104
The algorithm, which uses a combination of social and medical history (both patient-reported) and clinical
information, was applied by the recruiting dental practice.104 Patients underwent an initial eligibility screening
when making the check-up appointment (e.g. patients reporting symptoms when making the appointment
could be classified as red/amber), although eligibility could be fully determined only after the dental
examination by a dentist, just prior to intervention delivery. For example, categorisation of the patient as
amber risk might depend on the dentist rating the patient’s dental plaque control (toothbrushing) as poor
after the clinical examination.
Eligibility criteria
Inclusion:
l aged ≥ 18 years
l high/medium (red/amber) risk of poor oral health
l NHS patients
l new patients or regular attenders
l any level of literacy.
Exclusion:
l low (green) risk based on the absence of either clinical- or patient-related factors
l patients attending for an emergency appointment (they do not usually receive a full check-up)
l edentulous
l private patients
l patients requiring an interpreter for routine care.
Interventions
The trial had two intervention arms and a third ‘usual care’ arm.
1. Verbal information only (usual care): dentists gave verbal information on risk in the usual way. Patients
were also given a printed, credit-card-sized card with six key messages about recommended health
behaviour (Figure 5). The dentist marked any messages they had covered with the patient, giving the
patient the card to take away as reinforcement of advice given. When the dentist marked ‘Following
your dental treatment plan’, this related to any advice about returning for further dental visits.
FIGURE 5 Intervention card with six possible oral health behaviours (with the areas of advice covered at the check-up
marked by the dentist).
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2. Verbal information plus TL graphic: dentists allocated the patient to one of the three RAG categories
and gave them a credit-card-sized card that emphasised their risk group (Figure 6). The reverse of
the card was identical to group 1 (see Figure 5). The verbal advice covered the meaning of the RAG
categorisation and oral health behaviours, as recommended by the dentist, to address any issues
(which were also marked on the reverse of the card).
FIGURE 6 Traffic light graphic cards to support verbal advice (group 2).
3. Verbal information plus QLF photograph: Dentists gave advice supported by QLF images of the patients’
anterior six (canine to canine, top and bottom) teeth. Patients received a credit-card-sized colour copy of
the QLF photograph showing either demineralisation areas (see Figure 1) or plaque coverage (see Figure 2),
whichever the dentist thought was most important for the patient. On the reverse of the printed
photograph a sticker was placed, replicating the credit card-sized card provided to group 1, with any
messages covered regarding recommended oral health behaviours marked by the dentist (see Figure 5).
Outcome measures
Primary outcome
The primary outcome measure was the mean valuation for each of the three interventions in terms of
WTP. This is a common approach to the valuation of health care elicited either by observing consumer
choice (the revealed preference approach) or through an expressed preference (the contingent valuation
approach).105 We used the latter method. In economics, the value of a good or service is thought of in
terms of what an individual is willing to sacrifice to obtain it. A common unit of sacrifice that is well
understood globally is money. If the maximum amount of money that an individual is willing to pay for a
series of services or goods can be determined, then the relative values of these goods or services are
revealed. In health, it is often the case that services are not paid for, or are subsidised or insured against,
and so monetary payments cannot be directly observed. In these situations, values are determined by
constructing a hypothetical market for the service and eliciting the maximum an individual would be
willing to pay in theory, if payment was necessary.
Secondary outcomes
Secondary outcomes were collected in three ways: (1) self-reported by patients (see Report Supplementary
Material 1), (2) clinical data recorded at the check-up [visit 1 (V1) – baseline] and at subsequent dental
treatment visits [short-term follow-up: visit 2 (V2) and/or visit 3 (V3)], and (3) clinical outcome data extracted
from QLF photographs taken at baseline and at V2 and/or V3. If clinical data were available for both V2 and
V3, the V2 data were used. Secondary outcomes concerned with self-reported oral health behaviour focused
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on data collected 6 months post intervention (medium-term follow-up) and 12 months post intervention
(long-term follow-up):
1. Clinical communication measured by the Communication Assessment Tool (CAT),106 completed by
patients after receiving the risk information at V1.
2. Self-reported behaviour change between baseline and 6 and 12 months post intervention.
¢ Oral hygiene –
¢ toothbrushing frequency107
¢ duration of toothbrushing108
¢ frequency of interdental cleaning.108
¢ Use of fluoride –
¢ fluoride toothpaste prescribed by the dentist
¢ fluoride mouth-rinse.
¢ Dietary sugar intake –
¢ frequency of consumption of sugary foods/drinks109
¢ frequency of adding sugar to hot drinks tea/coffee.107
¢ Smoking status –
¢ current smoker excluding e-cigarettes110
¢ average number of tobacco items smoked.110
3. Clinical outcomes:
¢ Self-rated oral health107 – change between baseline and 6 and 12 months.
¢ Basic periodontal examination (BPE) score collected by dentists concentrating on conversions
between codes 1 (bleeding) and 0 (healthy) between baseline V1 and V2/3.
¢ Plaque Percentage Index70 [as measured on QLF images (ΔR30)] – change between baseline and V2/3.
¢ Number of tooth surfaces affected by early caries – change between baseline and next dental visit
measured on QLF images.70
¢ Where early carious lesions are present – change in lesion volume (ΔQ) between baseline and next
dental visit measured on QLF images.70
Predictor and moderator variables
¢ Socioeconomic characteristics:
¢ Index of Multiple Deprivation (IMD) decile based on home postcode111
¢ employment status112
¢ household income.112
¢ Education:
¢ highest level of education112
¢ literacy [as measured by the Rapid Estimate of Adult Literacy in Medicine, Revised (REALM-R)].113
¢ Patient dental visiting behaviour:
¢ frequency of dental visiting107
¢ previous experience of dental treatment107
¢ Modified Dental Anxiety Scale (MDAS) score.114
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¢ Oral health:
¢ number of natural teeth at baseline.
¢ Dental provider characteristics:
¢ dental practice
¢ clinical ID.
¢ Behaviour-change variables (EPPM):76
¢ perceived threat (severity)
¢ perceived threat (susceptibility)
¢ self-efficacy
¢ response efficacy
¢ message fear
¢ affect regarding threat
¢ danger control response
¢ fear control response – (1) defensive avoidance, (2) perceived manipulation, (3) message derogation
¢ intention to change behaviour.
Sample size calculation
Because valuation is the primary outcome, differences in mean and median WTP values between the three
forms of information were the primary drivers of sample size. The sample size needed to be sufficiently
high to detect differences between any of the three arms, either between the two intervention groups,
TL and QLF photograph, or between one of these groups and the control. The sample size calculation is
therefore based on a need to detect significant differences in the primary outcome (WTP) between the
three arms at 80% power with an α of 0.05.
Sample size calculations for stated preference surveys, such as contingent valuation studies, are complicated
by two factors. First, often no similar ‘goods’ have been valued in the past and so reliable variance estimates
are impossible to determine. Second, if such data are absent, applying any effect-size estimate or minimally
important difference would be arbitrary. Given these problems, and the fact that, to our knowledge, this is the
first study of its kind, we calculated the samples required to show different effect sizes between any of the
three groups based on numbers of standard deviations (SDs) rather than absolute numbers, as per Cohen,115
who suggests using a value of 0.5 SDs for a medium effect size where neither SD nor effect size is known.
Thus, to detect a difference of 0.5 SD, 63 people were calculated to be required per arm. To detect 0.33 SD,
145 people per arm would be needed. Accepting a detectable difference of between a half and a third of a
SD, and allowing for around 20% refusal to answer WTP questions (protest responses), gave a number of
133 people in each arm or a total sample size of 400 people.
We then considered the implications of this size on the detection of clinical outcome effects, particularly
plaque coverage. Published data on a group of 38 college students showed a mean Plaque Percentage
Index of 14.8, with a SD of 7.7.116 As this is likely to be a more homogenous population than that in our
study, a more conservative estimate of a SD of 10 has been used to calculate a sample size of 133 people
per group, which would allow us to detect a mean difference of 3.5 in the Plaque Percentage Index between
groups, with 80% power at 0.05 significance level.
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Trial processes
Dental practice training
Before setting up the study, whole dental teams (including the receptionist and anybody who had contact
with study patients and/or procedures) at each recruiting dental practice received two sets of face-to-face
training by the research team:
1. Good clinical practice training including taking informed consent, adverse event records, recruitment
logs and study document and data management.
2. Study-specific training relating to the study protocol, including data collection procedures, flow
of patients through the study, taking and the interpretation of QLF photographs (arm 3), the
categorisation of patients to TL categories (see Report Supplementary Material 2: Study materials)
and the use of intervention materials (arm 2).
The dentists or hygienists who delivered the interventions to the patients were trained in the use of the TL
algorithm. Written instructions (laminated copies) on the application of the algorithm for categorising
patients were provided to the dental teams. The algorithm took into account both patient and clinical
factors and provided step-by-step guidance.
Specific training concerned taking QLF images to measure clinical outcomes of plaque and dental caries
and included instructing staff to ask patients to clean their teeth between QLF photograph 1 (plaque) and
photograph 2 (caries). If red deposits of plaque were still visible on the QLF image after brushing, the
dental teams were instructed that they should ask the patients to brush their teeth again until all plaque
had been removed and a further image should be taken in order to measure dental caries.
Training was supported by study materials, including a video and quick guide of how to use the QLF
system, and crib sheets that included a participant procedures flow diagram (see Report Supplementary
Material 2). Training on or calibration of undertaking a BPE was not provided.
Training logs were kept. Training was repeated when there was dental team staff turnover.
Randomisation, allocation concealment and blinding
Once consent was taken, dental staff took a sequentially numbered, sealed envelope containing group
allocation information. The allocation sequence was prepared by the trial statistician using the ralloc
procedure in Stata® version 14 (StataCorp LP, College Station, TX, USA). Allocation was stratified by practice
with random block sizes of three and six. Patients were allocated with equal probability to each group.
Allocation was revealed by opening the envelope just prior to the information being given (i.e. by the
dentist, witnessed by the dental nurse in the dental surgery), after the check-up had been carried out,
including baseline clinical outcome data collection (BPE score).
The researcher extracting clinical outcome data from QLF photographs was blind to group allocation.
Patients and dental staff were not blinded to allocation, neither was the researcher undertaking 6- and
12-month follow-up data collection nor the trial statistician (the same statistician who generated the
allocation was involved in the analysis).
Piloting, trial set-up and support
The study was set up in the four practices sequentially. This meant that experience from early practices
taking part was used to inform the training of later ones. Two members of practice 4 NW travelled to
practice 2 NE to take part in the study training of practice 2. All dental practices received considerable
support in training and during the trial (Table 4), particularly in some practices where staff turnover was high.
Seven dentists per practice participated in the trial from practices 1 and 3 and three dentists in each of
practices 2 and 4 (see Table 3). Study recruitment started on 17 August 2015 and ended on 5 September 2016.
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Some practices particularly required support regarding issues associated with the use of the QLF camera;
practice 1, for example, required the camera cable to be replaced three times. QLF software freezing was
another complaint. Camera troubleshooting instructions were developed to tackle possible issues and
support was provided both by telephone and visits to practices.
Piloting included testing to see how well the use of the QLF camera to measure clinical outcomes would
work in a practice setting, how well the dental teams were able to operate the camera and which
members of the teams were best placed to take the QLF photographs. The pilot phase lasted 2 weeks in
one practice. The pilot lasted until the dental team was happy with study processes and was deemed able
to undertake them. A researcher attended the practices to provide support during this period. A total of
10 patients were involved in the pilot. As a result of the pilot, it was decided that the photographs would
be taken by the dental nurses, not dentists, because of time constraints/availability issues. Patient-held
dental retractors (for lips) were introduced following the pilot period. We also reduced the number of
images taken per participant, related to the measurement of clinical outcomes. We had initially planned
that both a central anterior and also a right and left posterior images would be taken from the buccal
aspect but reduced this to taking anterior (buccal) images only.
The use of the QLF camera proved challenging for the NHS dental teams and so a simpler, less technical
version of the camera was used as a consequence of piloting. The initial version used for the pilot was the
QLF-D (QLF-Digital™) Biluminator 2 system originally designed for research use (Figure 7). This customised
SLR Canon 550D (Canon Ltd, Surrey, UK) camera has a polished metal tube attached to a lens with four
white and 12 high-powered blue light-emitting diodes around the lens aperture.
Experience after a week of training in a pilot practice (practice 5) was that the dental team had found
the heat and light from the camera off-putting, making them reluctant to use the device with patients.
Dentists reported that it felt inappropriate to use with new patients, because the initial appointment was
TABLE 4 Trial training and support for dental teams
Training/support type
Practice
1 2 3 4
Number of separate training sessions 5 2 4 3
Number of trial monitoring and support visits 13 7 7, plus a period of 3 weeks with a
researcher in the practice
16
Number of requests for support regarding QLF equipment failures 5 0 2 3
FIGURE 7 The QLF-D Biluminator 2 system.
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about developing rapport and a relationship based on mutual trust. The equipment itself was considered
bulky for use in a practice setting (trailing cables, etc.) (Figure 8).
It was decided to replace the QLF-D camera (see Figure 7) with a Q-Ray™ camera (Inspektor Research
Systems, Amsterdam, the Netherlands) (Figure 9), which had been recently developed for use in the dental
practice setting. The system is more like a simple camera than a sophisticated SLR camera.
Extracting clinical outcome data from quantitative light-induced fluorescence images
A single researcher, blind to allocation, first scrutinised all images for quality (focus, excessive ambient
illumination, parts of teeth obscured by lips, retractors or operator’s fingers, or any other artefacts that
could affect the analysis). Good-quality images were judged as photographs which were taken at a
sufficiently close distance (lower and upper front teeth filling the majority of space in the middle of the
frame), with the absence of excessive ambient light (lips and gums appear as dark/black), focused and not
blurred due to fogging, without any object (e.g. lips, tongue, lip retractors, fingers) blocking the view of
the buccal surface of any of the 12 front teeth and with tip to tip contact of opposite teeth.
FIGURE 8 The QLF-D system in a practice setting: camera, laptop computer, printer and cables. (a) Trailing wires
from the QLF-D camera across the dental surgery; (b) photograph showing bulky equipment associated with the
QLF-D camera system occupying a significant area of the dental surgery workspace.
FIGURE 9 The Q-Ray camera.
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Images which were out of focus, had obscured tooth surfaces and/or with excessive ambient light present
were classified as unacceptable for analysis purposes and were excluded from the statistical analyses.
Presence of early caries lesions and dental plaque was calculated automatically using QA2 software, version
1.26 (Inspektor Research Systems, Amsterdam, the Netherlands). If early lesions were detected, these were
manually mapped by drawing a contour patch (including sound enamel) around the lesion. The software
then automatically calculated the percentage of fluorescent loss (ΔF,%) within the contour patch and the
area of the white spot. Multiplying both values gave the estimated volume of the lesion as Δ.
Study flow diagram
Figure 10 outlines the patient flow through the trial, with details on the study intervention arms and
procedures.
6-month telephone/e-mail follow-up to record self-report behaviour change
12-month telephone/e-mail follow-up to record self-report behaviour change
Data analysis and
reporting
Dental team consent to take part in study
four dental surgeries: two north-west England and two north-east England
400 patients to be recruited, 100 from each dental
practice 
Patients eligible
but declined to
take part
Patients consented, recruited and randomised
by dentist
Model 1: verbal
only (133 patients)
Model 2: verbal + QLF 
(133 patients)
Model 2: verbal + TL
(133 patients)
Clinic visit 1
• Patient characteristics
• Theoretical WTP
• QLF photographs
Dental check-up
• Dentist gives verbal
   intervention
• Intention to change
   behaviour recorded
• Any change in WTP       
Clinic visit 2 (2 – 3 weeks)
• Behaviour change recorded
• Dentist records BPE score
• QLF photographs taken
Clinic visit 3 (5 – 6 weeks)
• Behaviour change recorded
• Dentist records BPE score
• QLF photographs taken
Clinic visit 1
• Patient characteristics
• Theoretical WTP
• QLF photographs
Dental check-up
• Dentist gives QLF and verbal
   intervention
• Intention to change 
   behaviour recorded
• Any change in WTP
Clinic visit 2 (2 – 3 weeks)
• Behaviour change recorded
• Dentist records BPE score
• QLF photographs taken
Clinic visit 3 (5 – 6 weeks)
• Behaviour change recorded
• Dentist records BPE score
• QLF photographs taken
Clinic visit 1
• Patient characteristics
• Theoretical WTP
• QLF photographs
Dental check-up
• Dentist gives TL and verbal 
   intervention
• Intention to change 
   behaviour recorded
• TL categorisation 
• Any change in WTP
Clinic visit 2 (2 – 3 weeks)
• Behaviour change recorded
• Dentist records BPE score
• QLF photographs taken
Clinic visit 3 (5 – 6 weeks)
• Behaviour change recorded
• Dentist records BPE score
• QLF photographs takenF
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FIGURE 10 Study flow diagram.
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Data collection schedule
Data were collected at baseline and at short-term (V2/V3), medium-term (6 months) and long-term
(12 months) follow-up. Table 5 shows the data collection schedule and the sequence of measures collected.
At each dental practice, data were entered directly onto a tablet PC computer (Samsung, Seoul, South Korea)
using Qualtrics survey software [version 092017 © 2017 Qualtrics® (Provo, Utah, USA)]. Trained dental nurses
started by entering patients’ sociodemographic data fields and then undertook an assessment of patients’
literacy using a laminated card with REALM-R words. The tablet was then passed to the patients who then
entered data onto the tablet, including the completion of the WTP task, assisted by the dental nurse
when required.
Quantitative light-induced fluorescence photographs were taken by the dental nurse (with the patient
brushing their teeth between the two photographs taken for plaque/caries purposes). Patients then went
into the surgery with the tablet, the dentist entered the BPE score and the number of natural teeth data,
and after that the check-up was completed. Once group allocation was disclosed, only patients in the QLF
arm received a copy of their photograph. Patients completed the remaining fields (including CAT) on the
tablet after leaving the surgery.
Because participants were patients at high/medium risk of poor oral health, all would have been scheduled
for return/treatment visits. Further data were collected during the initial follow-up visit (V2 at 2–3 weeks post
intervention) and at a further follow-up visit (V3, 5–6-weeks post intervention) where these occurred. At V2
and V3, dentists entered data on the BPE score and further QLF photographs were taken (not shown to the
patient) as a follow-up clinical outcome measure. Patients completed other fields related to behaviour at V2/V3.
Follow-up data were collected by a single member of the research team (blinded to group allocation) at
both 6 and 12 months post intervention by either telephone or e-mail (preference specified by the patient).
For patients who did not respond to either a telephone call or an e-mail, a postal questionnaire was sent
(although we did not receive any responses via this means). E-mail communication included a link to the
Qualtrics survey. Telephone follow-up involved a researcher completing the Qualtrics survey while speaking
to the patient. All reasonable attempts were made to contact non-respondents by telephone and by e-mail
(up to five attempts for each participant).
For participants who withdrew from the study, data were retained up to the point of withdrawal.
If participants withdrew, they were not replaced.
TABLE 5 Data collection schedule
Event Completed by
Time point
V1 V2 V3 6 months 12 months
Demographics Dental nurse ✗ ✗ ✗
REALM-R Dental nurse ✗
WTP Patient ✗
Demographics Patient ✗
Self-assessed oral health Patient ✗ ✗ ✗ ✗ ✗
MDAS Patient ✗ ✗ ✗
Demographics Patient ✗
QLF photo Dental nurse ✗ ✗ ✗
BPE Dentist ✗ ✗ ✗
WTP revision Patient ✗
EPPM and behaviour change Patient ✗ ✗ ✗ ✗
CAT Patient ✗ ✗
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Elicitation of willingness to pay
Respondents were given descriptions and sample images of the three interventions (see Report Supplementary
Material 1). They were asked to rank the three options in order of preference. Elicitation of WTP for the
lowest-ranked intervention followed. Participants were asked to read a script that encouraged realistic,
budget-constrained responses and emphasised that the exercise was about value rather than price.
Respondents were then presented with a series of virtual cards showing different values from 50 pence to
£150 and asked to drag each card to one of three boxes:
l would pay
l would not pay
l not sure.
The different valued cards were presented in a random order, with a random starting card. Respondents
could not see the value of subsequent cards until the current card had been placed. Once all cards had
been placed, the lowest ‘would not pay’ and highest ‘would pay’ values were displayed to the respondent
and they were asked for a maximum WTP value in an open-ended format. This shuffled payment card
approach to WTP elicitation has been postulated to reduce starting point and range bias found with
traditional WTP elicitation methods.117
Once a WTP value for the lowest-ranked intervention had been determined, respondents were asked how
much extra they would be willing to pay for their next most preferred intervention in an open-ended
question and then, finally, respondents were asked how much extra they would be willing to pay on top
of their value for their middle-preferred intervention. This incremental approach to eliciting WTP has been
shown to give more robust valuations.118 Where participants gave a zero value, they were asked a follow-up
question to determine their reason for giving a zero value with a choice of eight predefined responses to
choose from (one of these was ’other’ with the reason then recorded in free text). This particular follow-up
question was taken from Ryan et al.119 as a standard way of determining true and protest zeros, where
true zeros reflect a lack of value for the intervention and protest zeros reflect an unwillingness to engage
with the WTP task (but where the participant may well still value the intervention).
After their check-up (post intervention), participants returned to the task on the tablet and were reminded
of the WTP value they had given for the intervention they were randomised to and then asked if they
would revise their WTP given their actual experience with the intervention. If they indicated that they
would revise this, the new value was determined using an open-ended question.
The initial design of the WTP task was discussed and revised by an advisory group of academic dentists,
dental public health consultants, psychologists, sociologists, statisticians and patient/public representatives.
It was first piloted among university staff and then with patients in a dental practice. Refinements were
made to the wording of the task and the range of values was checked as plausible.
Data management
Anonymised (using patient ID) trial data were collected using Qualtrics survey software and were placed on
a password-protected database. Data were monitored by the research team throughout the data collection
phase as access to the data was facilitated by a cloud-based storage facility provided by Qualtrics.
Anonymised (using patient ID, gender and age) QLF photographs were stored on a password-protected
laptop computer kept at each of the dental practices. A member of the research team periodically physically
collected these data, transferring these to a password-protected hard drive.
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Cost data
The costing element of the study was undertaken using a microcosting approach, adopting a NHS
perspective (cost to the dental practice). Consumable costs were determined by assessing the consumables
required for each intervention from the standard protocol and costing these from standard dental equipment
suppliers. Capital items (only in the QLF arm) were costed based on the costs of procuring these for the
study, split by an estimate of the number of check-ups over a period of 10 years. The number of check-ups
per dentist per year was determined by dividing the total number of courses of treatment delivered in the
NHS in England in 2014–15 by the total number of dentists working in the NHS in England.120 Overhead and
staff costs were determined using average times to complete each intervention multiplied by hourly rates
published by Personal Social Services Research Unit (PSSRU).121 Each practice sampled 10 consecutive
patients and timed the intervention using a stopwatch.
Differential long-term costs relating to the outcomes of the different interventions (e.g. if an intervention
was more effective at prevention, the costs of restorative dental work would be lower) were not
considered, as this was beyond the scope of this project.
Statistical analyses
Preliminary analyses and the sensitivity analysis involving green patients
Three group logistic regression analyses were undertaken, predicting intervention group membership from
variables collected before randomisation (age, gender, smoking status, diet, toothbrushing, MDAS and WTP).
Preliminary analyses also described the proportion of withdrawals and attrition in each arm.
This revealed that proportionally more participants randomised to receive the TL intervention did not
receive the intervention and were withdrawn from further data collection by the dental practice. It became
apparent that this was because the final eligibility screen for red/amber patients, which took place after
the clinical assessment, was more rigorous for green patients in the TL arm. To compensate for a potential
loss of power, dental teams were encouraged to recruit beyond their target of 100 patients, leading to
412 instead of 400 patients being recruited in total.
To explore whether or not an imbalance of patients who may have had poorer oral health in the verbal
and QLF arms had an impact on the results, potential green patients in the verbal and QLF arms were
identified in the following way: taking patients with a healthy BPE score (all sextants < 2 except for lower
anterior teeth) and then identifying any patients who were still green after all patient-reported parts of the
algorithm were taken into account. Next, data on whether or not these patients had received particular
post-intervention health education messages (e.g. reduce/stop smoking) were used to verify the patients’
potential RAG categorisation in the verbal/QLF arms. This mimicked the process performed by the dentists
to confirm eligibility of patients in the TL arm. Analyses were re-run excluding these additional green patients
in the verbal (12 potential greens identified) and QLF arms (15 potential greens identified) as a sensitivity
analysis. A randomisation analysis was undertaken to assess the adequacy of identifying potential green
participants in the verbal and QLF arms.
Willingness to pay
First, proportions favouring each intervention were calculated. Second, to prepare WTP data, zero WTP
values were classified as true or protest zeros based on answers to follow-up questions and protest zeros
were excluded from further analysis.119 Characteristics of the group protesting were determined. There is
much debate in econometrics literature122 about the reporting of either the mean or the median for WTP
values elicited using bidding card formats and so both are reported here. Mean and median WTP, as well
as SDs and interquartile ranges, were calculated and compared using Wilcoxon-signed rank tests (given the
non-parametric nature of the data) for each intervention, as well as for the most preferred intervention
(irrespective of what this was).
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Factors affecting both WTP and ranking of preference were investigated econometrically, using Tobit regression
models for WTP data to account for the left censoring at zero and logistic regression for preference ranks.
Variable selection for the model was based on rationality of likely effect, but subsequent backwards stepwise
selection was then used to check for better-fitting models using Bayesian information criterion as the principal
criterion for model selection. Categorical variables were collapsed (to reduce the number of variables in the
regression models) and dummied as follows (with reference levels for regression shown in italics):
l IMD –
¢ low (not deprived; IMD decile 8–10)
¢ medium (reference; IMD decile 4–7)
¢ high (deprived; IMD decile 1–3).
l Income –
¢ high income (> £31,200 per year)
¢ medium (reference; £15,600 to £31,199 per year)
¢ low income (< £15,600 per year).
l Gender –
¢ female
¢ male (reference).
l Education level –
¢ high (undergraduate degree or higher)
¢ medium [reference; General Certificate of Secondary Education (GCSE) and Advanced levels
(A level)]
¢ low (GCSE only or less).
l Age –
¢ < 35 years
¢ 35–64 years (reference)
¢ ≥ 65 years.
l Number of natural teeth –
¢ low (< 20 teeth)
¢ functional (reference; ≥ 20 teeth).
l Dental attendance frequency –
¢ infrequent attender (fewer than 6 visits in the last 5 years)
¢ normal attender (reference; ≥ 6 visits in the last 5 years).
l Practice –
¢ 1
¢ 2
¢ 3
¢ 4 (reference).
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Willingness-to-pay analyses were also rerun after excluding outliers (determined as those more than three
interquartile ranges outside the interquartile range limits). Finally, significant changes between WTP before
and after receiving the intervention were analysed using Wilcoxon signed-rank tests. We used econometric
regression analyses to explore how various dental and demographic factors influence values (WTP).
Behaviour-change outcome measures
Group effects on oral health behaviour between the conditions were assessed by predicting 6- and
12-month follow-up scores from group membership. To minimise the probability of type I error, multivariate
analyses were used. Overall, intervention effects on the six behavioural outcome variables at 6 and 12 months
were tested using multivariate generalised linear mixed models, with baseline values of the outcomes as
covariates. Logit link functions were used for the binary variables. The models were fitted using PROC
GLIMMIX in SAS® software version 9.4 (SAS Institute Inc., Cary, NC, USA. SAS and all other SAS Institute
Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the USA and
other countries. ® indicates USA registration). Baseline scores were used as covariates. Subsequent univariate
analyses were intended to identify specific variables affected by group. The hypotheses tested were (1) TL
leads to greater positive oral health behaviour change than verbal information and (2) QLF leads to greater
positive behaviour change than verbal. Separate analyses examined changes from baseline to 6 months and
from baseline to 12 months.
Moderation analyses involved the modelling of two-way interaction effects from the product of the predictor
and moderator variables, and testing the hypothesis that the interaction term uniquely predicts behavioural
change controlling main effects terms.123 These were assessed using the multivariate generalised linear mixed
models described above, with the moderator used as an additional predictor variable.
We planned that if intervention effects were found, mediation would be undertaken to assess the extent
to which intermediate variables (mediators) explain variance shared between predictor and outcome
variables. Potential mediators were EPPM constructs. Our mediation analysis strategy was based on
recommendations by Zhao et al.,124 who specify preconditions that the predictor (group membership)
be linked to the mediator (EPPM variables), and that the mediator be linked to the criterion (behavioural
change) controlling the predictor. Only when these are established can path analysis be used to estimate
the mediation effect. All potential mediators were to be assessed in the same analysis, reducing the
likelihood of type II error that would be associated with testing mediators separately.
Clinical outcome measures
Clinical outcomes were analysed for the first follow-up visit for which data were available (V2 or V3), and
where this was no more than 3 months post randomisation (i.e. short-term follow-up). All QLF images
were rated as good/poor quality by the assessor. Those not judged to be of sufficient quality to accurately
generate the outcome variables were excluded from the analysis. Analysis of the three QLF generated
variables used generalised linear models, with value of the variable of interest at the first short-term follow-up
appointment as the outcome variable and intervention group allocation as a fixed factor. Baseline value of
the variable of interest was included as a covariate. All analyses followed the intention-to-treat principle,
when possible.
Basic periodontal examination scores were analysed by categorising each patient into one of four
outcome categories:
1. stable healthy (code 0 at baseline and at follow-up)
2. stable bleeding (code 1 or greater at baseline and at follow-up)
3. change to bleeding (code 0 at baseline, code 1 or greater at follow-up)
4. change to healthy (code 1 or greater at baseline, code 0 at follow-up).
The analysis used multinomial logistic regression to test the effect of the intervention group on outcome,
with the primary hypothesis of interest between groups 2 and 4.
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Multiple imputation analyses were carried out to investigate the robustness of the results to missing data.
Using all the data that were available, including baseline variables, five complete-case data sets were imputed
and each was analysed in the same way. The results were then combined and compared with the analysis
excluding missing data to assess whether or not this would be likely to change the overall conclusions.
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Chapter 4 Randomised controlled trial: results
Flow of trial participants and the CONSORT flow diagram
Figure 11 describes the flow of participants through the trial. Of the 423 patients approached to take part
in the study, 11 declined, most of whom cited that they were too busy to take part.
Following randomisation, five people withdrew after being asked to complete a mandatory field about
personal income as part of baseline data collection. In the TL arm, after dentists had used the RAG
algorithm and identified some patients as ‘green’ (n = 16), because they were technically ineligible for
the trial, no further data were collected from them at that visit or V2 or V3; however, green cards were
given to them at the end of the appointment. A sensitivity analysis later explored any impact of having
an imbalance of proportionally more data from red/amber patients at V2/V3 in the TL arm (see Chapter 3,
Preliminary analyses and the sensitivity analysis involving green patients). However, because of blinding at
the 6- and 12-month follow-ups, these ‘green’ TL patients were included in long-term follow-up data analyses.
Of the 407 people receiving the intervention, 179 patients returned for V2 (43.9%) and 51 patients
returned for V3 (12.5%) (excluding greens in the TL arm). For the 6-month follow-up, 185 patients
responded (45.6%) and for the 12-month follow-up 153 patients responded (37.6%). However, at the
point of data analysis, V2 and V3 data were collapsed into a single short-term follow-up visit and a time
limit restriction of 3 months post intervention was imposed to ensure that the data collected adhered to
the intended procedures in the protocol (some practices booked in their V2/3 visits outside this allotted
time period and these data were excluded accordingly). Short-term follow-up data were included for
153 (37.6%) patients.
Of the 412 patients randomised, WTP (primary outcome) data were obtained for everyone. Data on the
revisited WTP response for the intervention that the patients had received were obtained from 391 (95.1%)
participants. Attrition in the second part of the WTP task was because of five withdrawals following the
financial question and 16 green TL arm patients viewed as ineligible by dental practices.
Reasons for attrition
Not all practices kept good records of reasons for non-attendance for V2/3 follow-up. Loss to V2/3
follow-up varied by practice for organisational reasons. Follow-up in practice 2 was particularly affected
by patients being required to pay in advance (at the end of the V1 consultation) for V2 dental treatment,
and because the catchment area for the practice included a relatively transient (student) population.
Participants did not receive any reimbursement for the time and expenses involved in taking part in
the study.
Reasons for loss to follow-up at 6 months were no response (after five attempts at contact) (n = 171),
incorrect contact details provided (n = 25), withdrew from the study (n = 17) or incomplete data
collection (only one or two questions answered) (n = 7). A prize draw was introduced to try to address
retention issues.
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Declined to participate
• No time, n = 8
• Not interested, n = 2
• Other, n = 1
Allocated to verbal arm
(n = 138)
Received intervention
(n = 137)
Did not receive intervention
(n = 1)
• Withdrew due to financial Q
Follow-up achieved
(n = 69)
Loss to follow-up verbal
(n = 68)
• Reasons unavailable 
Follow-up achieved
(n = 18)
Loss to follow-up verbal
(n = 119)
• Reasons unavailable 
Follow-up achieved
(n = 58)
• Telephone, n = 40
• E-mail, n = 18
Loss to follow-up verbal
(n = 79)
Follow-up achieved
(n = 51)
• Telephone, n = 32
• E-mail, n = 19
Loss to follow-up verbal
(n = 86)
Included: short-term analysis
(n = 59)
Included: 6-month analysis
(n = 58)
Included: 12-month analysis
(n = 51)
Allocated to QLF arm
(n = 140)
Received intervention
(n = 139)
Did not receive intervention
(n = 1)
• Withdrew due to financial Q
Follow-up achieved
(n = 61)
Loss to follow-up QLF
(n = 78)
• Reasons unavailable 
Follow-up achieved
(n = 18)
Loss to follow-up verbal
(n = 121)
• Reasons unavailable 
Follow-up achieved
(n = 59)
• Telephone, n = 42
• E-mail, n = 17
Loss to follow-up QLF
(n = 80)
Follow-up achieved
(n = 50)
• Telephone, n = 32
• E-mail, n = 18
Loss to follow-up verbal
(n = 89)
Included: short-term analysis
(n = 51)
Included: 6-month analysis
(n = 59)
Included: 12-month analysis
(n = 50)
Invited to participate
(n = 423)
Allocated to TL arm
(n = 134)
Received intervention
(n = 131)
Ineligible (green patients)
(n = 16)
Did not receive intervention
(n = 3)
• Withdrew due to financial Q
Follow-up achieved
(n = 49)
Green patients not called back
Loss to follow-up TL
(n = 82)
• Reasons unavailable 
Follow-up achieved
(n = 15)
Green patients not called back
Loss to follow-up verbal
(n = 100)
Follow-up achieved
(n = 68)
• Telephone, n = 45
• E-mail, n = 23
Loss to follow-up TL
(n = 63)
Follow-up achieved
(n = 52)
• Telephone, n = 28
• E-mail, n = 24
Loss to follow-up verbal
(n = 79)
Included: short-term analysis
(n = 43)
Included: 6-month analysis
(n = 68)
Included: 12-month analysis
(n = 52)
V2 (short-term) follow-up
V3 (short-term) follow-up
6-month follow-up
12-month follow-up
Analysis
Allocation 
Enrolment 
Randomised
(n = 412)
FIGURE 11 The CONSORT (Consolidated Standards of Reporting Trials) diagram with flow of participants through
the trial. Q, question.
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Sociodemographic and dental history profile of participants
Table 6 describes the 412 participants randomised to receive the intervention and from whom primary
data (WTP) were obtained. There was spread in terms of gender (skewed towards female), income, age
(although the ≥ 65 years group is small) and IMD (skewed towards more deprived). With regard to
educational qualifications, one-third of the sample had the lowest level, although there was a reasonable
number in each of the remaining groups. Most of the sample had attended 6–10 dental visits in the past
5 years and had > 20 natural teeth remaining.
TABLE 6 Sociodemographic profile and dental history of participants
Sociodemographic and dental
history variables
Time point, n (% of total)
Baseline Follow-up
Randomised
(N= 412)
Allocated
(N= 407)
Short term
(practice)
(N= 153)
6 months
(N= 185)
12 months
(N= 153)
Gender
Male 166 (40.3) 164 (40.3) 63 (41.2) 79 (42.7) 66 (43.1)
Female 246 (59.7) 243 (59.7) 90 (58.8) 106 (57.3) 87 (56.9)
Age category (years)
18–34 125 (30.4) 130 (31.9) 39 (25.5) 46 (24.9) 43 (28.1)
35–64 214 (51.9) 205 (50.4) 84 (54.9) 102 (55.1) 77 (50.3)
≥ 65 70 (17.0) 70 (17.2) 28 (18.3) 36 (19.5) 32 (20.9)
Missing data 3 (0.7) 2 (0.05) 2 (1.3) 1 (0.5) 1 (0.7)
Household income (£)
0–15,599 141 (34.2) 136 (33.4) 46 (30.1) 51 (27.6) 34 (22.2)
15,600–31,199 142 (34.5) 142 (34.9) 51 (33.3) 72 (38.9) 65 (42.5)
≥ 31,200 129 (31.3) 129 (31.7) 56 (36.6) 62 (33.5) 54 (35.3)
Education
GCSE or lower 139 (33.7) 191 (46.9) 69 (45.1) 92 (49.7) 68 (44.4)
A level 145 (35.2) 89 (21.9) 27 (17.6) 35 (18.9) 33 (21.6)
Degree or higher 128 (31.1) 127 (31.2) 57 (37.3) 58 (31.4) 52 (34.0)
IMD
Low (1–3) 172 (41.7) 173 (42.5) 56 (36.7) 75 (40.5) 59 (38.6)
Medium (4–7) 135 (32.8) 131 (32.2) 54 (35.3) 60 (32.4) 54 (35.3)
High (8–10) 100 (24.3) 98 (24) 40 (26.1) 46 (24.9) 39 (25.4)
Missing 5 (1.2) 5 (1.2) 3 (2.0) 4 (2.2) 1 (0.7)
Natural teeth
< 20 71 (17.2) 68 (16.7) 23 (15.0) 28 (15.1) 25 (16.3)
≥ 20 341 (82.8) 339 (83.3) 130 (85.0) 157 (84.9) 128 (83.7)
Dental clinic attendance
Infrequent: fewer than six
appointments in 5 years
96 (23.3) 97 (23.8) 31 (20.3) 42 (22.7) 32 (20.9)
Frequent: more than six
appointments in 5 years
314 (76.2) 309 (75.9) 122 (79.7) 142 (76.8) 121 (79.1)
Missing 2 (0.5) 1 (0.2) 1 (0.5)
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Preference for form used to communicate information on risk
Table 7 describes participants’ preferences when asked to state the order of their preference for verbal,
TL and QLF photographic information (in advance of being allocated to an arm and receiving the allocated
intervention). Significantly more patients preferred verbal information delivery over other methods, such as
TL and QLF photographic information (p < 0.001 binomial test).
Factors associated with preference
To investigate whether or not demographic and dental history variables were associated with preferences,
a logistic regression was performed for each intervention in turn, using variables that were collapsed and
dummied as described in Chapter 3, Willingness to pay. For each intervention, the base model included all
available variables with 381 participants, although a best-fit model was also determined using backwards
stepwise elimination. In each case, backwards elimination-determined models did not offer any significant
improvement over all variable models and did not provide different results in terms of significant variables.
Therefore, only the all-variables model for each intervention is described here.
Verbal
The model had a chi-squared test likelihood ratio of 53.74 (p < 0.0001) with a pseudo-R2 of 0.102. This
showed that being young (aged 18–34 years) reduced the likelihood of preferring verbal, whereas being
old (aged ≥ 65 years) increased the likelihood of preferring verbal; there were also differences by practice.
All other factors were non-significant (see Appendix 2, Table 27). The low pseudo-R2 suggests that the
model predicts only a very small proportion of the variance in preference.
Traffic light
The all variables logistic regression model, following stepwise elimination for TL (see Appendix 2, Table 28),
had a χ2 likelihood ratio of 14.42 (p = 0.49), with a pseudo-R2 of 0.046. The p-value for Tobit regression
chi-squared test suggests that the model is not significantly better than no model at all and no factors
significantly affect preference for TL information.
Quantitative light-induced fluorescence
The all variables logistic regression model, following stepwise elimination for QLF preference, had a
chi-squared test likelihood ratio of 41.98 (p = 0.0002), with a pseudo-R2 of 0.086 (see Appendix 2, Table 29).
The model shows that the practice was a significant predictor of preferring QLF, with all other factors
non-significant. The low pseudo-R2 suggests that the model predicts only a very small proportion of the
variance in preference.
Trial results: willingness to pay
Willingness to pay (WTP) was elicited first for the least preferred intervention and then the additional WTP
for the next preferred intervention, followed by the additional WTP for the most preferred intervention.
The WTP for the most preferred intervention is, therefore, an addition of all three values.
TABLE 7 Preference for form of information on risk
Form
Participants
Number %
Verbal 209 50.7
TL 58 14.1
QLF photographs 145 35.2
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Zero responses
When participants gave a zero valuation at any stage of the process this may mean that the participant
truly does not place any valuation on the intervention (a true zero) or it may mean that participants do
place some value on the intervention but do not wish to engage in the exercise (a protest zero). Protest
and true zeros were differentiated as described in Chapter 3, Elicitation of willingness to pay.
In line with standard practice, protest zeros were classified as missing WTP data as their true value cannot
be determined and so were excluded from analysis, but true zeros were included. The breakdown of true
and protest zeros (and, therefore, the numbers excluded from analysis) for each preference level is given
in Table 8. As the nature of incremental WTP is additive, if a protest zero is given at an earlier stage for a
more preferred intervention then an additive WTP cannot be determined. This means that if an individual
gave a protest response for their lowest-preferred intervention but then gave positive values for the
additional money that they would be willing to pay for their middle-preferred intervention, then the
addition of the lowest-preferred intervention plus additional funds for the middle-preferred intervention is
not possible and, hence, this is also counted as missing. For this reason, the number of protests for any
given intervention is higher than the number at any given preference level; the breakdown by intervention
is given in Table 9. The numbers of missing and protest zeros combined in Table 9 are the numbers
excluded from analysis for each of the WTP levels.
Analysis of the demographic characteristics showed that there were no differences between the protesting
group and non-protesting group (χ2 test) except for age, as protestors were less likely to be older (aged
≥ 65 years). As it was not clear how to treat the protestors who gave one protest followed by at least one
non-protest response, a sensitivity analysis counting all protest zeros as true zeros was also undertaken
(see Chapter 4, Sensitivity analysis: removing potential ‘greens’).
Willingness-to-pay values and differences by information form
The median and mean WTP values for each intervention are shown in Table 10. There is a significant
difference between verbal and TL (p < 0.0001) and QLF and TL (p < 0.0001), but not between verbal and
QLF (p = 0.41). TL is valued less than either verbal or QLF. The large variances for all interventions should
also be noted. It should be noted that, as expected with WTP data, the distribution is right skewed and
left censored.
TABLE 8 Frequency of zero responses by preference level
Intervention preference Missing Protest zeros True zeros Non-zero value
Least preferred intervention 1 97 57 257
Middle preferred intervention 2 123 58 229
Most preferred intervention 2 131 38 241
TABLE 9 Frequency of zero responses by intervention
Intervention preference Missing Protest zeros True zeros Non-zero value
Verbal 1 185 17 209
Verbal plus TL 2 141 41 228
Verbal plus QLF 2 121 34 255
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Factors affecting willingness to pay
Factors affecting WTP were determined using Tobit regression models (Table 11). An overall model
with WTP for most preferred intervention (irrespective of intervention) as the independent variable was
constructed and is presented in Table 11. This model shows patients preferring TL the most, being from
practice 2, having < 20 teeth and an increase in WTP (having a high IMD and a low REALM-R score
decreases WTP). However, the pseudo-R2 is low, indicating that most of the variance in WTP is not
explained by the model.
TABLE 10 Mean and median WTP values for each information form
WTP for intervention form Median (£) IQR Mean SD 95% CI
WTP for verbal (n = 227) 20 7–35 30.20 38.87 24.69 to 34.89
WTP for TL (n = 271) 10 2.5–27.5 20.93 29.49 17.46 to 24.59
WTP for QLF (n = 291) 18.8 5–35 25.52 30.70 21.76 to 28.81
CI, confidence interval; IQR, interquartile range.
TABLE 11 Tobit regression model to show predictors of WTP for most preferred intervention [n= 254, LR of
χ2 = 32.52 (p= 0.0129), pseudo-R2= 0.017]
Characteristics Coefficient Standard error t p> t 95% CI
Intervention most preferred
Verbal Reference
QLF 4.87375 2.634868 1.85 0.066 –0.3170022 to 10.0645
Traffic light 9.653246 3.808264 2.53 0.012 2.150874 to 17.15562
Deprivation (IMD score)
High –7.141304 3.095296 –2.31 0.022 –13.23911 to –1.043497
Medium Reference
Low –4.167796 2.801527 –1.49 0.138 –9.686872 to 1.351279
Income (£)
High –2.397248 2.899597 –0.83 0.409 –8.109524 to 3.315027
Medium Reference
Low –5.029837 2.885547 –1.74 0.083 –10.71443 to 0.6547596
Gender
Female 0.2354133 2.459212 0.10 0.924 –4.609294 to 5.08012
Male Reference
Education
High 0.0480436 3.304343 0.01 0.988 –6.461592 to 6.557679
Medium Reference
Low 3.249592 3.164322 1.03 0.305 –2.984199 to 9.483384
Age
Young (18–35 years) –0.7454687 3.038601 –0.25 0.806 –6.731585 to 5.240648
Middle (36–64 years) Reference
Old (≥ 65 years) –3.628658 3.352092 –1.08 0.280 –10.23236 to 2.975043
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In addition to this overall model, an individual model showing WTP for each intervention was developed
and these are shown in Appendix 2 (see Table 30). As per the analysis plan, models of best fit were
determined using backwards stepwise elimination but were not significantly better than the all variable
models and did not give significantly different results in terms of significant variables. Therefore, only the
all variable models for each intervention are presented and discussed here.
Verbal
The all variable Tobit regression model for verbal information (see Appendix 2, Table 30) is based on
209 cases. The chi-squared test likelihood ratio was 29.87 (p < 0.0124) and pseudo-R2 0.0148. The model
shows that living in a high IMD area decreased WTP for verbal and being recruited from practice 2
increased WTP. The low pseudo-R2 suggests that the model only predicts a very small proportion of the
variance in preference.
Traffic light
The all variable Tobit regression model for TL information (see Appendix 2, Table 30) is based on 253 cases.
The chi-squared test likelihood ratio was 26.39 (p < 0.034) and pseudo-R2 0.012. The model shows
that having low educational qualification levels and being recruited from practice 2 increased WTP for TL
information, although the low pseudo-R2 suggests that the model only predicts a very small proportion of
the variance in preference.
Quantitative light-induced fluorescence
The all variables Tobit regression model for QLF information shown in Appendix 2, Table 30 is based on
270 cases. The chi-squared test likelihood ratio was 26.48 (p = 0.03) and pseudo-R2 0.011. The model
shows that living in a high IMD score area decreased WTP for QLF, whereas having a high-income level
and being recruited from practice 2 increased WTP. The low pseudo-R2 suggests that the model only
predicts a very small proportion of the variance in preference.
TABLE 11 Tobit regression model to show predictors of WTP for most preferred intervention [n= 254, LR of
χ2 = 32.52 (p= 0.0129), pseudo-R2 = 0.017] (continued )
Characteristics Coefficient Standard error t p> t 95% CI
Number of teeth
< 20 6.943073 3.508236 1.98 0.049 0.0317636 to 13.85438
≥ 20 Reference
Dental attendance (number of visits)
Infrequent attender –0.4531683 3.021498 –0.15 0.881 –6.405592 to 5.499255
Normal attender Reference
Literacy
Low REALM-R –11.02552 5.088937 –2.17 0.031 –21.05085 to –1.000195
Normal/high REALM-R Reference
Practice
1 3.197624 3.509774 0.91 0.363 –3.716715 to 10.11196
2 10.13295 3.409295 2.97 0.003 3.41656 to 16.84934
3 2.761299 3.795014 0.73 0.468 –4.71497 to 10.23757
4 Reference
Constant 8.423429 4.8363 1.74 0.083 –1.104199 to 17.95106
CI, confidence interval.
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Sensitivity analysis: willingness-to-pay values excluding outliers
Given the right-skewed nature of the data, no low outliers were identified. The number of high outliers
for each intervention were: verbal (n = 10), TL (n = 8) and QLF (n = 5). The original and revised (excluding
outliers) means and medians for each information form are shown in Table 12 and demonstrate that
excluding outliers had no impact on results. A significant difference remained between verbal and TL
(p < 0.0001) and QLF and TL (p < 0.0001), but not between verbal and QLF information (p = 0.63).
Sensitivity analysis: removing potential ‘greens’
As described in Chapter 3, Preliminary analyses and the sensitivity analysis involving green patients,
several participants were identified as having a green risk status after receiving the TL intervention and
so potential greens in the other arms were also identified. A sensitivity analysis was run excluding these
‘green’ individuals. The revised descriptive statistics were median (interquartile range) WTP for verbal
information £20 (£30.50), TL £11.50 (£27.00) and QLF £20.00 (£30.00). The mean (SD) WTP for verbal
information was £31.40 (£39.95), for TL it was £21.98 (£30.14) and for QLF it was £26.07 (£31.32). In
terms of testing for significance of differences, results were the same as with greens included, with WTP
significantly different between verbal and TL and between QLF and TL but not between verbal and QLF
(Wilcoxon signed-rank test at a p-value < 0.05). Rerunning the Tobit analyses produced very similar models
in terms of goodness of fit and identical significant variables.
Sensitivity analysis: treating protestors as true zeros
As noted in Chapter 4, Zero responses, it is unclear how to treat cases for which one protest zero was
given followed later by non-protest responses, hence a sensitivity analysis was run counting all zeros as
true zeros. This is an extreme case, but there is no alternative intermediate sensitivity case that could be
tested. The revised descriptive statistics were median (interquartile range) WTP for verbal £2 (£20.00), TL
£2 (£20.00) and QLF £7.75 (£25.00). The mean (SD) WTP for verbal was £16.68 (£32.54), £13.84 (£25.94)
for TL and £18.11 (£28.34) for QLF. In terms of testing for significance of differences, WTP between all
pairs of interventions was significantly different (Wilcoxon signed-rank test at a p-value < 0.05). Rerunning
the Tobit analyses produced very similar models in terms of goodness of fit and significant variables,
although REALM-R scores and being from other practices (aside from practice 2, which was already
significant) did become significant as predictor variables for all three interventions.
Change in willingness to pay after receiving intervention
Participants gave WTP values for all three interventions before being randomised. After being randomised
and receiving one of the interventions, they were then asked if their WTP had changed for that intervention
only. The before-and-after means and medians are shown in Table 13, alongside proportions that increased,
decreased and kept the same WTP values. No before-and-after changes were significant (Wilcoxon signed-rank
test at a p-value < 0.05). It also appears that there was a spread of people moving in different directions
from their original values.
TABLE 12 Descriptive statistics for WTP for each information form, with and without outliers excluded
WTP for information form
Descriptive statistic
Median IQR Mean SD
WTP for verbal including outliers (n = 227) 20.0 7–35 30.20 38.87
WTP for verbal excluding outliers (n = 217) 18.8 6–30 23.98 23.66
WTP for TL including outliers (n = 271) 10.0 2.5–27.5 20.93 29.49
WTP for TL excluding outliers (n = 263) 10.0 2–25 17.21 19.80
WTP for QLF including outliers (n = 291) 18.8 5–35 25.52 30.70
WTP for QLF excluding outliers (n = 286) 17.5 5–30 22.89 23.23
IQR, interquartile range.
RANDOMISED CONTROLLED TRIAL: RESULTS
NIHR Journals Library www.journalslibrary.nihr.ac.uk
UNCORRECTED PROOF DATE: 06/07/2019 FILE: 13-33-45-2P.pdf
42
Trial results: microcostings
Although the preferences results mean that there is no need to undertake a cost–benefit framework
analysis (existing practice was preferred), costs of each intervention were quantified as part of the project.
No consumable or capital items were required in the verbal or TL arms. The costs of different elements of
the QLF arm are detailed in Appendix 2, Table 26. All arms received a card with information and this cost
is therefore constant and excluded.
The cost of the QLF camera was calculated as £4500 with an average life of 10 years and, based on NHS
Digital information reporting, an average NHS dentist provides 2000 check-ups per year;117 thus, the cost
per patient was calculated at £0.24. The QLF printer was costed at £73.09 with an average life of 10 years.
We included the cost of autoclavable retractors to optimise the quality of photographs, which was £61.88
per pair (or unit) with an average life of 2 years.
The QLF arm involved taking two photos and brushing teeth. The time taken was measured in one practice
only and the average time for this was 213 seconds. The time taken to deliver the risk message was
measured across seven patients (approximately 5%) in each arm. This was very variable, but the mean figures
were 228 seconds in the verbal arm, 218 seconds in the TL arm and 245 seconds in the QLF arm. The total
time for the QLF arm is, therefore, 458 seconds. The PSSRU118 published standard costs for dentist’s time
(including non-consumable equipment and associated staff, e.g. nurse time) is £96 per hour or £0.27 per
second. The costs for the time involved were calculated by multiplying the time by the PSSRU rate. The total
cost for the QLF arm is therefore:
£12.36 (time) + £0.02 (consumables) + £0.24 (camera cost) = £12.62. (1)
The costs for each information form per patient are as follows:
l verbal – £6.15
l TL – £5.89
l QLF photograph – £12.62.
TABLE 13 Descriptive statistics to show change in WTP (£) before and after receiving the intervention
Change in WTP
Information form
Verbal (n= 77) TL (n= 84) QLF (n= 98)
Mean WTP (of those to enter that arm) before intervention (SD) 26.35 (27.95) 16.21 (23.11) 27.38 (31.19)
Mean WTP (of those in that arm) after intervention (SD) 19.92 (16.63) 13.32 (18.40) 22.39 (26.94)
Median WTP (of those to enter that arm) before intervention (IQR) 20 (10–30) 6.5 (2–20) 20 (5–40)
Median WTP (of those in that arm) after intervention (IQR) 18.8 (10–25) 8 (2–20) 17 (5–30)
Number (% of those in that arm) that increased their WTP value 17 (22) 22 (26) 22 (22)
Number (% of those in that arm) that decreased their WTP value 31 (40) 34 (40) 36 (37)
Number (% of those in that arm) that kept the same WTP value 29 (38) 28 (33) 40 (41)
IQR, interquartile range.
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Trial results: self-reported oral health behaviours
Self-reported behaviour data availability
The 6-month follow-up yielded 185 cases from the initial 412 participants and the 12-month follow-up
yielded 153 cases. Twenty-seven cases were included in the 12-month follow-up that did not provide
data at 6 months and, therefore, 126 cases participated at all time points. Pre-intervention demographic
variables, oral health status and reported dental attendance for participants responding to 6- and
12-month follow-up questionnaires are included in Table 6.
Attrition bias
Table 6 shows demographic and clinical characteristics of baseline, and 6- and 12-month samples. We
used binomial logistic regression to assess attrition biases in the 6- and 12-month data set from the initial
412 participants. Pre-intervention scores on demographic variables, number of teeth, dental attendance
and the six baseline variables (smoking status, not brushing twice daily, brushing duration, intake of sugar
in food, sugar in drinks and sugar in hot drinks) were regressed onto a binomial variable denoting
inclusion (coded as 1) or non-inclusion (coded as 0). Participants retained in the study differed slightly from
the whole sample recruited to the study in some important characteristics. Although the multivariate
analysis did not show a statistically significant bias at the 6-month follow-up overall [χ2 = 25.45, degrees
of freedom (df) = 19, Nagelkerke R2 = 0.075; p = 0.146], Table 14 shows attrition to be more likely in the
lower-income group than the middle-income group and to be associated with greater baseline sugar
consumption in drinks. A significant multivariate bias was detected for the 12-month follow-up (χ2 = 35.04,
Nagelkerke R2 = 0.11; p = 0.006), with attrition in low-income participants more likely than in those with
middle or higher incomes and more likely for those with higher baseline sugar intake from foods.
TABLE 14 Odds ratios of retention vs. non-retention in the sample at the 6- and 12-month follow-ups
Characteristics
Time point, OR (95% CI)
6 months 12 months
Gender 0.83 (0.53 to 1.31) 0.89 (0.53 to 1.36)
Age (years)
18–35 – –
36–64 1.59 (0.92 to 2.76) 1.05 (0.58 to 1.88)
≥ 65 1.84 (0.85 to 3.98) 1.76 (0.78 to 3.94)
Education
GCSE or less – –
A level 0.84 (0.48 to 1.46) 1.05 (0.59 to 1.89)
Degree and more 1.02 (0.60 to 1.73) 1.10 (0.64 to 1.91)
Household income (£)
Low (0–15,600) – –
Middle (15,601–31,200) 1.77* (1.05 to 2.98) 2.35* (1.35 to 4.09)
High (≥ 31,201) 1.33 (0.75 to 2.35) 2.15* (1.18 to 3.95)
IMD
Low (1–3) – –
Medium (4–7) 1.04 (0.63 to 1.70) 1.46 (0.87 to 2.47)
High (8–10) 1.11 (0.65 to 1.94) 1.21 (0.67 to 2.18)
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Summary statistics for oral health behaviours at baseline, and at 6 and 12 months
Table 15 shows baseline, and 6- and 12-month follow-up measures for smoking status, not brushing twice
daily, brushing duration, sugar intake from food and drinks and using sugar in hot drinks. Over the full
sample, brushing duration increased slightly between baseline and 12 months and sugar intake in drinks
decreased slightly over both the 6- and 12-month follow-up periods.
TABLE 15 Baseline and 6- and 12-month follow-up summary statistics: full sample (significance applies to analyses
of change from baseline)
Behaviour measure
6-month participants 12-month participants
Baseline 6 months Significancea Baseline 12 months Significance
Smoking, n (%) 33 (17.8) 36 (19.5) 0.58 22 (14.5) 24 (19.5) 0.75
Not brushing twice daily,
n (%)
28 (15.1) 22 (11.9) 0.26 21 (3.8) 18 (11.8) 0.61
Brushing durationb Mean 3.20
(SD 0.69)
Mean 3.25
(SD 0.78)
0.43 Mean 3.25
(SD 0.76)
Mean 3.54
(SD 0.79)
0.000*
Sugar intake from foodc Mean 3.68
(SD 1.11)
Mean 3.62
(SD 1.13)
0.42 Mean 3.56
(SD 1.06)
Mean 3.55
(SD 1.11)
0.92
Sugar intake from drinksc Mean 2.71
(SD 1.30)
Mean 2.47
(SD 1.24)
0.007* Mean 2.70
(SD 1.31)
Mean 2.43
(SD 1.16)
0.006*
Sugar in hot drinks, n (%)d 45 (24.9) 40 (22.1) 0.383 34 (22.2) 29 (19.2) 0.48
*p < 0.05.
a Tests are single factor repeated measures analyses of variance or related-samples McNemar test.
b Measured in minutes.
c Seven-point Likert scale: two = once per day, three = most days.
d Presence of sugar (yes or no).
Note
n (%) refers to the number of patients and the percentage of the 6- and 12-month sample as respondents to the questionnaire.
TABLE 14 Odds ratios of retention vs. non-retention in the sample at the 6- and 12-month follow-ups (continued )
Characteristics
Time point, OR (95% CI)
6 months 12 months
Number of previous dental visits 0.81 (0.47 to 1.37) 1.20 (0.68 to 2.12)
Number of teeth 1.47 (0.81 to 2.67) 1.14 (0.61 to 2.12)
Smoking at baseline 1.04 (0.59 to 1.84) 0.86 (0.47 to 1.57)
Not brushing twice daily 0.83 (0.44 to 1.52) 0.92 (0.48 to 1.75)
Brushing duration (minutes) 1.14 (0.85 to 1.53) 1.32 (0.96 to 1.79)
Sugar intake from food 0.92 (0.76 to 1.11) 0.77* (0.63 to 0.95)
Sugar intake from drinks 0.82* (0.68 to 0.99) 0.91 (0.75 to 1.10)
Sugar from hot drinks 1.85 (0.86 to 3.65) 1.72 (0.77 to 3.86)
Intervention group
Verbal
TL 1.50 (0.90 to 2.51) 1.34 (0.79 to 2.28)
QLF 1.30 (0.79 to 2.16) 1.38 (0.81 to 2.33)
*p < 0.05.
CI, confidence interval; OR, odds ratio.
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Between-group effects on oral health behaviours
Table 16 shows 6- and 12-month frequencies or means and SDs with corresponding baseline figures,
by intervention condition.
To minimise the probability of a type I error, intervention effects were tested using multivariate generalised
linear mixed models to establish the effects of the intervention on a multivariate series of follow-up outcome
variables (see Table 16). All baseline values for each outcome variable were statistically controlled. The analysis
did not yield a significant intervention effect for either the 6-month follow-up (F = 0.84, df = 2896; p = 0.432)
or 12-month follow-up (F = 1.90, df = 2754; p = 0.150). Follow-up univariate testing did not show significant
intervention group differences on any of the behavioural variables.
Moderation analyses
We investigated the possibility that findings could differ among subgroups defined by gender, age,
household income, highest education level, IMD, the number of natural teeth and frequency of previous
dental attendance. This is known as statistical moderation. To detect moderation, we used multivariate
analyses of covariance (MANCOVAs) to test whether or not multivariate intervention effects significantly
differed within categories defined by these variables. These MANCOVAs test the significance of interactions
TABLE 16 Baseline and follow-up summary statistics by intervention group
Behaviour variable
Time point
Baseline 6 months Baseline 12 months
Verbal
Smoking, n (%) 15 (25.9) 15 (25.9) 10 (20.0) 11 (21.6)
Not brushing twice daily,
n (%)
9 (15.5) 7 (12.1) 8 (16.0) 4 (7.8)
Brushing durationa Mean 3.26 (SD 0.74) Mean 3.26 (SD = 0.78) Mean 3.27 (SD 0.75) Mean 3.53 (SD 0.70)
Sugar intake from foodb Mean 3.71 (SD 1.18) Mean 3.64 (SD = 1.22) Mean 3.23 (SD 0.76) Mean 3.44 (SD 0.85)
Sugar intake from drinksb Mean 2.64 (SD 1.25) Mean 2.47 (SD = 1.31) Mean 2.61 (SD 1.34) Mean 2.27 (SD 1.04)
Sugar in hot drinks, n (%)c 17 (29.3) 17 (29.3) 12 (23.5) 10 (19.6)
TL
Smoking, n (%) 9 (13.4) 11 (6.4) 7 (13.5) 7 (13.5)
Not brushing twice daily,
n (%)
9 (13.4) 9 (13.4) 7 (13.5) 9 (17.6)
Brushing durationa Mean 3.09 (SD 0.57) Mean 3.18 (SD 0.76) Mean 3.56 (SD 1.05) Mean 3.59 (SD 1.07)
Sugar intake from foodb Mean 3.66 (SD 1.21) Mean 3.60 (SD 1.23) Mean 3.55 (SD 1.20) Mean 3.39 (SD 1.17)
Sugar intake from drinksb Mean 2.65 (SD 1.27) Mean 2.25 (SD 1.19) Mean 2.78 (SD 1.24) Mean 2.42 (SD 1.15)
Sugar in hot drinks, n (%)c 11 (16.9) 10 (15.4) 11 (21.2) 9 (17.6)
QLF
Smoking, n (%) 9 (15) 10 (16.7) 5 (10.0) 6 (12.0)
Not brushing twice daily,
n (%)
10 (16.7) 6 (10) 6 (12.0) 5 (10.0)
Brushing durationa Mean 3.27 (SD 0.76) Mean 3.33 (SD 0.80) Mean 3.24 (SD 0.80) Mean 3.66 (SD 0.80)
Sugar intake from foodb Mean 3.56 (SD 0.93) Mean 3.61 (SD 0.92) Mean 3.59 (SD 0.93) Mean 3.67 (SD 1.06)
Sugar intake from drinksb Mean 2.83 (SD 1.40) Mean 2.71 (SD 1.19) Mean 2.73 (SD 1.38) Mean 2.61 (SD 1.30)
Sugar in hot drinks, n (%)c 17 (29.3) 13 (22.4) 11 (22.0) 10 (20.4)
a Measured in minutes.
b Seven-point Likert scale: two = once per day, three =most days.
c Preference of sugar (yes or no).
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with the moderating variable. Category differences are defined by a significant interaction between the
intervention group and moderator. Table 17 shows the results of the interaction terms for these analyses.
No significant interactions between condition and demographic variables, oral health status and dental
attendance were found in the 6- or 12-month follow-up data.
Mediation analysis: intervention effects on the extended parallel process model variables
The EPPM variables were proposed as mediators of intervention effects on behavioural change. We did not
observe behavioural change, thus mediation was not possible. Means and SDs of EPPM variables for the
full sample and intervention groups are included in Appendix 2, Table 31, for completeness.
Nonetheless, TL or QLF interventions could be seen to be of some value if they influence EPPM variables
measured directly after the intervention.
In the EPPM, behavioural intention is considered the proximal determinant of behavioural change and mediates
the effects of other EPPM variables. Thus, we examined the effect of intervention group on intention only.
An independent groups analysis of variance failed to detect any intervention effects (F = 0.53, df = 2389;
p = 0.588). An independent groups multivariate analysis of variance (MANOVA) failed to detect any
intervention effects on a multivariate combination of perceived susceptibility, severity, feelings, self-efficacy,
response efficacy and fear control processes (Wilks’ Lambda = 0.964, F = 1.15, df = 12,742; p = 0.318).
Trial results: clinical outcomes
Clinical outcome data availability at short-term follow-up
Table 18 shows the availability of clinical outcome data measured in the dental practices, at baseline and
at short-term follow-up visits (V2/V3). This includes measurement of BPE score by dentists and data
TABLE 17 Baseline and 6- and 12-month follow-up effects of potential moderators (statistics are MANCOVA
group–moderator interaction effects on behavioural outcome)
Characteristic
Follow-up
6 months 12 months
F df Significance F df Significance
Gender
Male, female 2.52 2896 0.08 1.59 12,266 0.09
Age category (years)
18–35, 36–64, ≥ 65 0.77 4891 0.54 0.89 2754 0.41
Household Income (£)
0–15,600, 15,601–31,200, ≥ 31,201 0.27 4896 0.90 1.04 2749 0.38
Education level
GCSE or less, A level, degree 0.34 4896 0.85 2.25 4754 0.06
IMD
Low (1–3), medium (4–7), high (8–10) 0.80 4886 0.53 0.39 4754 0.82
Natural teeth
< 20, ≥ 20 0.09 2896 0.91 2.11 4749 0.08
Previous attendance
Fewer than six visits in 5 years,
more than six visits in 5 years
0.42 2891 0.66 0.79 2754 0.46
Practice
1, 2, 3, 4 1.20 6896 0.30 0.78 6749 0.59
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extracted from QLF images to measure plaque and early caries. QLF image quality was assessed by the
researcher operating the software, with images judged to be of insufficient quality to calculate the outcomes
excluded from analysis of both plaque and caries outcomes.
At baseline, 353 (87%) out of the 407 participants had usable QLF images taken. The other images were not
of sufficient quality (n = 30 images, 7%) or participants did not have a baseline image taken by the practice
(n = 24 images, 6%). Of these 353, 121 (34%) had usable short-term (V2/V3) follow-up plaque images.
The majority of these were from practice 2. Most of the missing data were on account of non-attendance
at follow-up appointments, with 57% of patients failing to attend another appointment within 3 months of
randomisation (V2/V3). Only 25 patients with post-cleaning baseline images taken to measure caries had
corresponding follow-up images of a usable quality. Practice 2, which had the highest follow-up attendance
rate, unfortunately failed to take almost all post-cleaning images, which meant that very limited caries clinical
outcome data were available.
TABLE 18 Clinical outcome data availability from measurements taken in dental practices (QLF images prior to
cleaning to measure plaque and after cleaning to measure caries and BPE score)
Practice
Overall1 2 3 4
Number recruited, n 103 103 101 100 407
Plaque baseline, n (%)
Good quality 63 (61) 102 (99) 91 (90) 97 (97) 353 (87)
Unusable quality 25 (24) 1 (1) 1 (1) 3 (3) 30 (7)
Not available 15 (15) 0 (0) 9 (9) 0 (0) 24 (6)
Short-term follow-up plaque with good-quality baseline, n (%)
Good quality 11 (17) 85 (83) 6 (7) 19 (20) 121 (34)
Unusable quality 3 (5) 3 (3) 0 (0) 1 (1) 7 (2)
No image available 15 (24) 3 (3) 2 (2) 4 (4) 24 (7)
No follow-up visit 34 (54) 11 (11) 83 (9) 73 (75) 201 (57)
Caries at baseline, n (%)
Good quality 69 (67) 101 (98) 92 (91) 91 (91) 353 (87)
Unusable quality 19 (18) 2 (2) 0 (0) 9 (9) 30 (7)
Not available 15 (15) 0 (0) 9 (9) 0 (0) 24 (6)
Short-term follow-up caries images of those with good-quality baseline, n (%)
Good quality 11 (16) 2 (2) 3 (3) 9 (10) 25 (7)
Unusable quality 3 (4) 0 (0) 0 (0) 0 (0) 3 (1)
No image available 16 (23) 87 (86) 5 (5) 12 (13) 120 (34)
No follow-up visit 39 (57) 12 (12) 84 (91) 70 (8) 205 (58)
BPE score data at baseline, n (%)
Available 100 (97) 101 (98) 100 (99) 100 (100) 401 (99)
Unavailable 3 (3) 2 (2) 1 (1) 0 (0) 6 (1)
BPE score data at short-term follow-up of those with baseline data, n (%)
Available 30 (30) 89 (88) 31 (31) 31 (31) 181 (45)
BPE not done 1 (1) 0 (0) 0 (0) 0 (0) 1 (< 1)
No follow-up visit 69 (69) 12 (12) 69 (69) 69 (69) 219 (55)
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Relatively more BPE score data were available, with 99% of patients having baseline data and 45% of
patients having follow-up data available (see Table 18). Most of the BPE score follow-up data were missing
because the patient did not return for a V2/V3 visit.
Percentage plaque coverage outcome analysis
The variable used to analyse plaque coverage is the ΔR30 value produced by the QLF software. This
quantity measures the percentage of visible enamel that is classified as being covered by plaque, based on
the red that is fluorescence associated with the presence of porphyrins of bacterial origin.
Table 19 shows that the mean plaque coverage was similar in all three groups at baseline. Although this
was available only for patients with short-term follow-up data, there is some evidence of imbalance at
baseline (patients in the TL group had a lower mean ΔR30 than the verbal or QLF groups). Using a generalised
linear model, adjusting for baseline plaque coverage and time to follow-up, there was no statistically significant
overall effect of group allocation (p = 0.381).
Sensitivity analysis for missing plaque coverage outcome data
As a sensitivity analysis, multiple imputation was used to create five complete data sets with imputed
values for all missing plaque coverage data. Results were combined to investigate the potential effect of
the missing data on the conclusions, although the overall effect of group allocation in the imputed analysis
was not found to be statistically significant (p = 0.310).
Plaque coverage outcome data analysis for practice 2 only
Because 70% of available plaque data came from practice 2, we undertook an additional sensitivity analysis
using data from practice 2 only (Table 20). This analysis showed a significant difference overall between the
three groups (p = 0.005). Post hoc pairwise analysis using Tukey’s method shows a significant difference
between the verbal and QLF groups (p = 0.004). As with the complete-case analysis, there is an apparent
baseline imbalance with the TL group having a lower mean plaque coverage at baseline. However, in the
other two groups where the significant difference was observed, baseline means were similar. The least
squares means were adjusted for baseline plaque coverage and time to follow-up in the analysis in Table 20.
TABLE 20 Mean percentage plaque coverage (QLF) for short-term follow-up, practice 2 only
Group N
Mean %
(SD)
baseline
N (non-missing
short-term
follow-up)
Mean % (SD)
baseline for
those with
follow-up
Mean %
(SD) time to
follow-up,
days
Mean % (SD)
short-term
follow-up
Adjusted
least squares
mean plaque
coverage
(SD) from
complete-case
data set
Adjusted
least squares
mean plaque
coverage (SD)
combined
from imputed
data sets
Verbal 35 3.6 (4.5) 30 3.6 (3.8) 24 (15) 3.8 (3.9) 3.5 (0.3) 3.5 (0.3)
TL 34 1.9 (2.0) 26 1.6 (1.7) 22 (12) 1.8 (2.2) 3.1 (0.3) 3.1 (0.3)
QLF 33 3.8 (3.8) 29 4.2 (3.9) 20 (13) 2.9 (2.8) 2.1 (0.3) 2.3 (0.3)
TABLE 19 Mean percentage plaque coverage (QLF) outcomes at short-term follow-up
Group N
Mean %
(SD)
baseline
n (non-missing
short-term
follow-up)
Mean % (SD)
baseline for those
with follow-up
Mean % (SD)
time to
follow-up, days
Mean % (SD)
short-term
follow-up
Least
squares
means
Verbal 118 3.4 (4.2) 42 4.3 (4.7) 23 (14) 3.7 (3.8) 3.3 (0.3)
TL 117 3.4 (3.6) 38 2.4 (2.3) 21 (12) 2.5 (2.5) 3.3 (0.3)
QLF 118 3.6 (3.4) 41 4.0 (3.6) 19 (12) 3.0 (2.7) 2.7 (0.3)
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A sensitivity analysis was carried out using multiple imputation. The effect of group allocation remained
significant in the imputed analysis (p = 0.035). The least squares adjusted means from the two analyses are
included in Table 20.
Plaque coverage and self-reported toothbrushing behaviour
Table 16 reports the proportion of self-reported behaviour in each of the categories for toothbrushing
behaviour (frequency and duration of toothbrushing) at baseline and short-term follow-up. We compared
the self-reported behaviour for participants with plaque coverage clinical outcomes collected at the same
visits and found little association. The mean (SD) ΔR30 for people reporting brushing more than once a
day at baseline was 3.6 (SD 3.9), for those brushing twice a day was 3.4 (SD 3.7) and for those brushing
once a day or less was 3.5 (SD 3.9). Moreover, at baseline, the mean (SD) ΔR30 for people reporting
brushing for > 3 minutes was 3.6 (SD 4.0), for 3 minutes was 3.6 (SD 3.8), for 2 minutes was 3.4 (SD 3.8)
and for ≤ 1 minute was 3.7 (SD 3.7).
We then took practice 2 data only, in which we found a difference in plaque coverage between intervention
groups and categorised those with short-term follow-up into three categories of reported toothbrushing
frequency, based on their questionnaire responses at the two time points (V2/V3) (Table 21). However,
there were too few patients in the infrequent toothbrushing category to draw many conclusions.
Early caries outcome analysis
Only 25 images were usable at follow-up. Results are presented for completeness in Table 22. The
available surfaces studied on the images were the buccal surfaces of anterior teeth, excluding any that
were missing or obscured. If the QLF image had any patches of demineralisation on a surface it was
counted as having been affected by caries.
Using a generalised linear model, adjusting for baseline early caries and time to follow-up, there was no
statistically significant overall effect of group allocation (p = 0.351).
TABLE 21 Comparison of mean ΔR30 plaque coverage with categories of self-reported frequency of toothbrushing
for patients in practice 2
Self-reported frequency of toothbrushing
Number of
patients
Time point, mean (SD) ΔR30
Baseline Follow-up
Fewer than two times per day baseline, fewer than two times per day
follow-up
3 6.9 (6.6) 6.0 (4.9)
Fewer than two times per day baseline, fewer than two times per day
follow-up
11 2.6 (3.5) 2.1 (1.9)
Two or more times per day baseline, two or more times per day day
follow-up
71 3.2 (3.3) 2.9 (3.2)
TABLE 22 Proportion of available surfaces affected by early caries
Group N
Mean (SD)
baseline
n, non-missing
short-term
follow-up
Mean (SD) baseline for
those with follow-up
Mean (SD) time to
follow-up, days
Mean (SD)
short-term
follow-up
Verbal 116 0.07 (0.15) 11 0.06 (0.12) 18 (8) 0.06 (0.11)
TL 119 0.06 (0.13) 4 0.04 (0.08) 19 (18) 0.06 (0.08)
QLF 118 0.05 (0.12) 10 0.03 (0.08) 16 (9) 0.03 (0.08)
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We also calculated the mean values of ΔQ for each group, which were produced by QLF software that
considers the area of the lesion to calculate its volume and, therefore, indicates its depth (which is of
clinical importance). This is summed over all visible lesions to give a total value per patient. The units for
the measurements are based on the number of pixels in the QLF image. Mean (SD) ΔQ measurements at
baseline for the 25 patients with follow-up images were 6548 (SD 16,271) for verbal, 3030 (SD 6061) for
TL and 6548 (SD 16,271) for QLF, with mean (SD) ΔQ at follow-up of 4501 (SD 9560) for verbal, 4512
(SD 9841) for TL and 34,606 (SD 109,434) for QLF. Using a generalised linear model, adjusting for baseline
early caries and variation time to follow-up in each arm (see Table 22), we found no statistically significant
overall effect of group allocation (p = 0.443).
Owing to the large number of missing data in the caries outcomes, no sensitivity analyses have been
carried out using multiple imputation as these would have had to impute almost all of the data.
Basic periodontal examination outcome analysis
Patients were categorised into four categories based on their BPE score at baseline and follow-up (Table 23).
We planned to analyse this outcome using a multinomial logistic regression for all four possible categories,
with a focus on the difference between groups 2 and 4. However, as there were very few patients in
categories 1 and 3, we have excluded these and carried out a binary logistic regression between patients in
categories 2 and 4. The logistic regression analysis showed no significant effect of group allocation on BPE
score category (p = 0.609).
Sensitivity analysis at short-term follow-up for green traffic light patients
One of the exclusion criteria was that patients classed as green, using the TL system, were ineligible.
However, during the trial, more of these patients were excluded in dental surgeries in the TL arm than in
the verbal and QLF arms. To investigate possible bias, potential green patients were identified from the
verbal and QLF arms using post hoc methods (see Chapter 3, Preliminary analyses and the sensitivity
analysis involving green patients). However, only one patient with available short-term follow-up data in
the QLF group, and no patients in the verbal group, was identified as potentially green. Therefore, this
sensitivity analysis was not judged to be necessary.
Self-rated oral health
Analyses of covariance, using baseline self-perceived dental health data, were used to investigate whether
or not intervention groups influenced self-perceived dental health at 6 and 12 months. There were no
intervention group differences at 6 months [verbal 3.84 (SD 0.81), TL 3.81 (SD 0.79), QLF 3.93 (SD 0.79);
F = 0.95, df = 2177; p = 0.389] Nor were there any intervention group differences at 12 months [verbal
4.06 (SD 0.68), TL 3.96 (SD 0.68), QLF 3.92 (SD 0.70); F = 0.28, df = 2149; p = 0.758].
TABLE 23 Number of patients in each BPE score category by group allocation
Category
Group, n (%)
Verbal TL QLF Total
1: stable healthy (code 0 at baseline and follow-up) 1 (2) 0 (0) 4 (6) 5 (3)
2: stable bleeding (code ≥ 1 at baseline and follow-up) 46 (72) 44 (80) 46 (74) 136 (75)
3: change to bleeding (code 0 at baseline, code ≥ 1 at follow-up) 2 (3) 1 (2) 2 (3) 5 (3)
4: change to healthy (code ≥ 1 at baseline, code 0 at follow-up) 15 (23) 10 (18) 10 (16) 35 (19)
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Chapter 5 Qualitative study
Background
Although we assume that dental practices are ‘risk contexts’ where dentists conduct ‘risk work’ (see
Chapter 1, Risk work) (and that certainly appears to be the assumption in policy), there is little research to
date to support this. There has been very little previous research in general, with the exception of a few
studies,125–128 that looked at the organisational and interactional practices in the dental field. The qualitative
part of the project set out to explore the communicative approaches used and discourses drawn on when
considering risk by dentists during routine dental appointments, and how patients receive and engage with
these practices. We specifically focused on the following questions:
l How do patients currently receive information on their oral health and risk in NHS dental practices?
l How do patients respond to information given to them by dental professionals about risk in NHS
dental practices?
l How do patients feel about the information they receive in their dental appointments and how would
they like to receive information in the future?
l How do dental professionals prefer to deliver risk information to patients in dental appointments and
what support is needed and necessary to improve current practice?
Qualitative methods
Design: epistemological and ontological approach
Ethnographic observations of NHS dental practices, supplemented with interviews and artefacts, were used
to describe and analyse everyday routine behaviours in a naturalistic setting.129,130 Ethnographic fieldwork
took place from November 2014 to April 2016 in five NHS dental practices in the north of England. This
included observations of 368 routine dental appointments and semistructured interviews with 30 patients
and 16 members of staff from these practices. Artefacts including practice newsletters, posters, mission
statements and photographs of the practices were also collected and compiled.
We took an interpretivist approach, which understands the social world as knowable but inseparable from
subjectivity.131 The lineage of interpretivist approaches can be linked to both symbolic interactionism, which
explores how ‘through actions people create distinct social worlds’,132 and ethnomethodology, which
examines ‘how social activities are done within interaction’.133 These methods, however, have quite narrow
and specific perspectives, so we used what Atkinson and Housley134 describe as sociological interactionism,
which is a more inclusive approach that draws on the roots of interpretivist approaches without being as
prescriptive. They define the approach of sociological interactionism as an interest in:
Social interaction and social encounters, investigations of microsocial phenomena, social construction
of selves and identities, the structures of everyday knowledge, and the ordinary routines of mundane
activity in social groups and institutions.
Atkinson and Housley134
Although interpretivist approaches do not automatically rely on ethnographic methods, they often go hand
in hand. Indeed, as a number of authors have noted, interpretivist approaches assume that the way of
knowing the world is through immersion and engagement with it.135,136 Given that ethnography is also
about treating participants as experts and paying attention to issues and processes as they emerge over
time, it was an appropriate method to use to address our research questions.
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Observations in dental settings
Ethnographic fieldwork took place in five NHS dental practices in areas of relative deprivation in north
England (see Table 3 for descriptions of practices). Practices 1–4 all used the Unit of Dental Activity (UDA)
system of NHS dental remuneration rather than a model involving categorisation of patients by risk, as is
currently being piloted in other UK practices.35,103 In order to include newer models of dental practice contract
where risk assessment with red–amber–green categorisation of patients is being used, the ethnographic work
involved a fifth NHS practice (see Table 6) that was piloting this new system. As practice 5 was not taking part
in the RCT, it also piloted the study material (including the QLF camera). Several of these appointments were
observed and are reported in Chapter 5, Using photographs to convey information on risk.
Each practice was studied intensively over a 4- to 12-week period and included extended direct observation
of routine dental appointments and the practice environment, and formal and informal interviews of staff
and patients. A single (non-dental) researcher observed and took detailed field notes of dental appointments
involving 20 dentists, one dentist in vocational trainee/training (VT), three dental hygiene therapists (HTs),
two prevention nurses, 19 dental nurses and three trainee dental nurses. Observations in practices 1–4 all
took place before the trial involving the three different forms of information was introduced. The average
number of observations in each practice was 74. Practice 1 had 53 observations, practice 2 had 59, practice 3
had 95, practice 4 had 56 and practice 5 had 105. Most of the observed appointments were NHS-funded,
except for 22 private appointments and a further 40 appointments that started as NHS appointments but
later included some discussion, or procedures, of private treatment (such as white fillings, white crowns,
whitening, private scale and polish). Although we expected that discussion on oral health risk would be
positioned in dental check-up appointments, because there is no current research showing this to be the
case, observations included a range of appointments in dental practices including check-ups, emergencies,
treatment and review appointments.
On arrival at the dental practice, receptionists told patients that there might be an observer present in their
appointment. The patient was given a leaflet with information about the study. Posters and further leaflets
were also placed in the waiting rooms. When patients were called through for their appointment, the
dentist introduced the observer, gave a brief explanation of the study and the patient was given the option
to consent verbally. In approximately eight appointments, the patients (who all cited anxiety) or the dentists
(when they anticipated the patient would be anxious or that they would be dealing with a complaint) did
not consent and the observation did not take place. In 10 further appointments, space restrictions (such as
when there were several family members present) meant that the observer left the room.
Each member of the dental team was asked to consent to being observed and this was revisited during each
period of observation. A few dentists later disclosed that they were initially suspicious of being ‘assessed’ by
someone with a clinical background who might judge or question their clinical decisions. Once they were
reassured of the observer’s non-clinical background, dental staff increasingly interpreted and explained
interactions for the observer. In addition, the observer opportunistically asked staff questions for confirmation
or clarification after the patient had left the room. Although the observer was treated as a ‘naive outsider’,
members of staff would sometimes ask the observer questions between patients, especially when there
had been a particularly difficult exchange. People’s behaviour changes when they are observed, but this
change is difficult to sustain over time. The length of the observations meant that staff in the practices
reported that the impact of the observer presence was minimal. The observer did not participate or talk
during appointments, but sometimes patients would directly address the observer (e.g. giving feedback).
Anonymous field notes were recorded in notebooks during appointments and then typed up fully at the
end of the day. Initial field notes were broad, becoming more focused over time as the observer became
familiar with the structure of appointments. After a few weeks, the observer developed a structured
observation-coding sheet for greater efficiency (see Appendix 3). This included recording which dental staff
were present in the appointment, appointment type, patient demographics (e.g. gender, age group), length
of appointment, descriptions of the appointment (e.g. verbatim when possible or through conversation and
non-verbal cues) and descriptions of ‘backstage’ interaction (e.g. discussions between staff).
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The types of dental appointments were noted and sorted into the following three categories, which were
derived from previous research in dental settings:13 dentist-initiated check-up consultations, dentist-initiated
continuing treatment consultations and patient-initiated consultations.
Dental staff were identified by consecutive numbers (dentist 1, practice 1 for example) and information on
their background (e.g. years at the practice, NHS/private remuneration split, training, specialist interests)
was gathered during informal conversations (between patients or in the staff room during breaks) and
followed up in more detail during formal interviews (see Appendix 3). Talk during the appointment was
recorded verbatim when possible, alongside descriptions of action and the non-verbal aspects of the
appointment. This is important, given that dental patients often have limited scope to speak during parts
of the appointments when the dentist examines or is carrying out a treatment in their mouth.
Figure 12 shows the range of types of observed appointments and Figure 13 gives an overview of the
range of patient age groups observed.
Qualitative interviews with staff and patients
Interviews with patients took place before the start of the trial during the observational period, and
interviews with staff were conducted at the end of the trial to reflect on the process. The posters and
leaflets given to patients on arrival gave information about interviews as well as the observations. The
receptionists asked patients if they would be interested in taking part at the end of their appointment, and
then called on the observer to explain the study in more detail. Some patients asked if they could take part
during the observation of the appointment, and they were followed up afterwards. Although 53 patients
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indicated that they would be willing to be interviewed, only 30 patients participated. Patients withdrew
because of time demands (especially those with caring responsibilities) or because they were feeling unwell
and were unable to talk after receiving treatment during appointments. Interviews took place either in a
quiet section of the waiting room (n = 17), a nearby coffee shop (n = 8) or in the patient’s home (n = 5),
depending on their preference. Nineteen women and 11 men took part in the interviews, and they were
aged between 18 and 70 years (median 50 years). Most participants were registered with the practice at
which they were interviewed, except for five patients who were attending emergency appointments.
Although most participating practices were located in disadvantaged neighbourhoods, patients often
attended from outside these areas; therefore, the demographics of the participants reflect a wider mix of
socioeconomic backgrounds.
All members of staff at each dental practice that was observed, or took part in the trial, were asked to take
part in an interview. This comprised receptionists, dental nurses, hygienists, prevention nurses, VTs, dentists
and principal dentists. Interviews often took place on the premises over lunch breaks or after the working
day. Two interviews took place offsite at a local coffee shop. Demographic details of participating staff are
found in Appendix 2, Table 32. The exception was practice 1, where high staff turnaround meant that all
the staff who had been observed, or taken part in the trial, left during the recruitment process and were unable
to be interviewed. A practice manager, two dental nurses and three dentists left practice 1 over the trial period.
Only observations, patient interviews and informal conversations with staff are recorded for this practice.
A topic guide (see Appendix 3) was developed based on the current literature and insight gained through the
ethnographic observations. The interviews were conducted using BNIM (Biographic-Narrative Interpretative
Method), a narrative form of interview.138 There are three sections in this interview process. First, an opening
narrative-inducing invitation for participants to reflect on the place of the topic in their lives. Second, the key
themes and topics from the opening narrative are fed back to participants in order to obtain further detail
and/or clarity. Third, there is an opportunity for the researcher to ask questions that may not have been
covered during the interview. This form of interview is both open and structured; participants have the
opportunity to express their own ideas in their own words while also ensuring that the researcher can ask
direct questions relating to the aims of the study. The opening question began by seeking a narrative of the
participant’s previous experience of dental care and moved on to explore current dental care relationships
in the practice. This opening question was used for both patients and staff. Patients were also asked about
their views on communication in dental settings, their preferred methods of receiving information and
feedback on intervention materials developed for the study. Dental staff were asked about their experiences
of delivering risk information to patients, feedback on intervention materials and experience of taking part
in the RCT study. Interviews were audio-taped and transcribed verbatim.
All of the qualitative work was conducted by one researcher (LL), which enabled all three strands to be
pulled together and ensured that there was familiarity and immersion with the data. Analysis was conducted
in collaboration with the lead author (RH), who has a dental clinical background. This supported an iterative
process in which previous findings could be explored in future interviews and observations as well as aiding
with recruitment.
Data analysis
The approach to analysis was predominantly inductive to ensure that themes were derived from the
data.130 A constant comparison method was used, starting with a preliminary coding framework that was
refined throughout the analysis to interrogate the similarities and differences within the data.139 As the
analysis progressed, the coding framework was developed and adjusted in response to emergent themes.
Analysis proceeded iteratively with data collection to allow emerging themes to be incorporated and
explored in subsequent interviews.
The analysis of the observational data draws on approaches from previous research into medical encounters
and talk. The analysis focused on the interpretation of meaning and action in appointments to explore the
recurring themes and patterns that help explain the observations.140 Analysis explored the form,137,141,142
structure143–145 and interaction146–150 in the appointments while paying attention to the dental setting and
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context (i.e. what are the explicit/implicit ethos of the practices and how do they have an impact on
patients). The aim was to capture the range of activity that goes on in dental practices, from the
organisation of care activities to the delivery of services. During the second round of fieldwork concerning
each team, anonymised field notes were presented to participating dental staff in order to ‘member-check’
the observations and ensure that they were representative of their experience of delivering care. Through
collecting and systematically comparing data from multiple sources, including direct observation, different
forms of interviews and existing documents, we were able to identify inconsistencies in patterns
of behaviour.
Data are presented using acronyms indicating their professional group: D for dentist, DN for dental nurse,
HT for hygiene therapist, Int for interviewer and P for patient. This is followed by the appointment type
(i.e. check-up or treatment), length of appointment and practice.
Key findings
Frequency and context of risk talk
Surprisingly, given the dominance of risk discourses in NHS policy (see Chapter 1, General policy context:
discourse on risk and individual responsibility) and NHS dental guidance in particular,151,152 there was very
little explicit ‘risk talk’ in the appointments observed. In fact, out of the 368 appointments, there were only
29 times when the term risk and its derivatives were used, occurring in just 19 appointments. The context
in which the risk talk occurred and its frequency:
l risk related to extraction – seven discussions
l risk related to treatment – five discussions
l risk related to orthodontic appliances (braces) – one discussion
l risk related to radiography – one discussion
l risk discussion between members of dental team – five discussions
l risk to health from smoking – three discussions
l risks of inadequate toothbrushing – one discussion
l risk of poor oral health happening/consequences – five discussions.
Risk talk was most frequently explicit during urgent dental care appointments, and concerned potential
consequences of tooth extraction or treatment. A standard set of statements was often used to give
patients information about procedures and aftercare, as part of practise intended to guard against future
litigation, should outcomes not be good. As such, this type of risk talk involved transferring knowledge
from an expert (e.g. dental staff) to a layperson (e.g. patient) as part of procedures for obtaining informed
consent. This is aligned with wider literature indicating that explicit risk discussions are more likely to occur
if the topic of risk is an agenda point and the patient is in the process of being informed rather than
already being under medical treatment.153
Although we know that risk talk in medical settings varies with the type of activity involved, because
previous research suggests that there would be more risk talk in check-ups rather than treatment,73
it is surprising that in the 173 check-ups observed there were only six instances of patients being given
personalised oral health risk information. These occurred exclusively in practice 5 (the practice using the TL
algorithm currently being piloted as a new dental contract prototype practice) (see Chapter 5, Using traffic
light imagery to convey information of risk).
The form of risk talk
The following section draws on the observational data collected prior to the trial starting and interviews
with members of staff at the end of the trial.
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Explicit risk talk
Risk talk was occasionally found to be explicit when dentists highlighted potential harms related to
smoking habits. In the observation below, for example, the dentist talked about the likelihood of mouth
cancer occurring in numerical terms:
D: Do you smoke?
P: Oh, like a chimney.
D: I don’t want to be nagging, but I need to do my job. So smoking causes bone loss, it’s the number
one cause of tooth loss. It loosens the support, so think about it like cement round a lamp post.
P: That happens with age anyway.
D: ‘cause cancers, mouth cancers, six times more likely . . .
P: I don’t drink.
D: How much are you smoking?
P: It is varying, go down to 10 a day . . . but up to 40 again.
D: There is a service we can refer you to . . .
P: Went to the service, but it made it worse. A waste of time.
D: The more you go – the higher the chance of success.
Observation check-up (patient, male, 50s), practice 4
Dentists often prefaced a smoking discussion with an apology, as illustrated above and in the following
example. Positioning the question just prior to operative dentistry (the dental chair being reclined) also
means that there is no eye contact between dentist and patient. Risk talk undertaken in this way serves to
distance the health professional from the task, turning it into a ‘neutral’ administrative task, so that it is
not threatening or offensive to patients.146,154,155 It also limits the scope for much discussion following
the question:
D: OK going back in the chair? Here’s some glasses for you. Do you smoke?
P: Yes, 20.
D: Not here to nag you, but do need to tell you about risks of smoking. It increases your risk of mouth
cancer and can cause tooth loss. Interested in giving up?
P: No.
Observation check-up (patient, male, 60s), practice 3
Interview data confirmed that dentists are uncomfortable when talking to patients about lifestyle issues,
such as smoking, and take a cursory approach to superficially comply with professional guidance:
They do ask, but I think it’s asking because they have to ask . . . not necessarily because they want to
go into detail about it. It is basically ‘Do you smoke? – well it can cause gum disease’ . . . and it
doesn’t go any further than that, and I think it . . . I think, sometimes it’s just because you don’t want
. . . it’s trying to tell a patient that they are not allowed to do something that they have been doing for
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like 30 years. They are not going to get out of that habit just because you have said that one thing
and I think that’s why dentists don’t like to go into it. ‘Cause it’s like some patients say ‘Oh yeah, you
say it every time, I am not stopping.’ We have to say it every time you come in, but patients don’t see
that. The patients are like ‘Oh you are moaning again at me do you know about me smoking’, so I
think some dentists do try and . . . they have to say it but quick enough for the patient not to realise
you have said it kind of thing . . .
Interview with dental nurse, practice 4
Implicit risk talk
Recontexualisation occurs when a text or discourse is translated between different groups within a setting.
Dentists were found to recontextualise risk information for patients by using metaphors or by referencing
temporal dimensions (time) in relation to developing adverse outcomes. Metaphors are a means by which
to translate complex information while facilitating elaboration and explanation, for example:
So . . . you’ve lost around 50–60% of bone around the teeth causing inflammation. It [plaque] nibbles
around the bone.
Observation dentist 2, practice 1
Most of the implicit risk talk took place after the clinical examination (during which the dental charting and
BPE scores are dictated to the dental nurse to record in the clinical notes) had occurred, and the dentist
then recontextualised the clinical information by summarising it in non-medical terms.156,157
Dentists were observed talking about the likelihood of a threat in the future, rather than making explicit
reference to risk per se. This was often in the context of shared decision-making related to treatment outcomes:
D: So, is this tooth causing problems? I’ve seen the X-ray [radiographs].
P: Yeah, seen that . . . almost right across, but I’m not feeling anything. It feels good.
D: OK, there is a lot of decay in that tooth, just by looking. I know it is not causing issues now, but if
we leave it it is going to cause problems in the future.
Observation check-up (patient, male, 50s), practice 3
Again, not using the word ‘risk’ and without reference to numerical probabilities, dentists made reference
to the likelihood of adverse outcomes (risk being implicit) when communicating the need for lifestyle
changes, for example in sugar consumption:
D: You are so young, you shouldn’t be having these problems. If you continue these habits there will
be no point in doing anything – it will continue to decay.
P: I’ll stop! I don’t want it to happen again!
D: You eating sugar – it’s causing trauma to your teeth – the nerve is getting upset.
Observation check-up (patient, female, 19–25 years), practice 5
Temporal discourses were also involved in lifestyle discussions wherein dentists tried to attribute current
poor oral health to previous unhealthy oral health behaviours. Reith158 proposed that risks are always
perceived in relation to time, and so even though there is no explicit risk talk, by using temporal discourses
dentists are carrying out implicit risk-work. Furthermore, when risk is emphasised as ‘near’, it is given more
importance and presented as problematic.159 By using negative consequences to frame these discussions,
dentists highlight not only the proximity of risks in the future but also their relevance to the present.
As such, there is a ‘temporal space in which future danger and present risk can be seen to co-exist
simultaneously’.159 Even though population risk cannot be easily converted to individual risk,160 leaving a
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degree of uncertainty, dentists tend to leave little room for doubt when framing these discussions.
Dentists tell patients, under no uncertain terms, that without action there will be consequences.
Differences by dental staff type
Observations of HTs found that they also used temporal discourses, but were less likely than dentists to use
negative, consequence-focused, framing-of-risk information. Rather, HTs tended to focus on the benefits of
healthy behaviour. HTs also more frequently praised patients for their efforts than dentists, and consistently
delivered more detailed information on patient’s oral health. Another key difference between dentists and
hygienists/HTs was in their way of recontexualising clinical information. Whereas dentists recontextualised
clinical information by summarising rather than trying to translate clinical information such as BPE scores to
the patients, hygienists/HTs set out to translate clinical findings. Risk was still raised only implicitly, but
hygienists/HTs allowed patients to interpret risk through understanding the medical terminology:
HT: Going to do some charting today then a polish. With gum disease you need something concrete
to measure. Do you know how the dentist inserts the probe? See how deep? The deeper it goes the
deeper the disease is OK? How are you getting on with brushing?
P: Yeah, more consciously.
[Charting omitted.]
HT: OK got a record there. So . . . 3 is 3 mm which means they are quite swollen. Anything over
3 means you have lost some support. Because there is bleeding it means that the gum disease is
active. We do our cleaning here and you do yours at home. So next visit we’ll see an improvement –
so we’ll have 1s and 2s. Doing great.
Observation treatment with HT (patient, male, 30s), practice 4
It’s really hard to motivate some people . . . try not to scaremonger. You’ve got to praise them for
trying. It’s multifactorial, and different people react differently.
Interview with HT, practice 3
Using traffic light imagery to convey information of risk
Frequency and form of risk talk
Because observations took place before the trial was implemented in practices 1–4, the use of TL
categorisation was only observed in practice 5, which was an NHS new dental prototype practice. It is
notable that although the TL system was routinely used to guide the preventative care pathway in practice 5,
two dentists did not communicate this information to patients during any of their observed sessions.
Although all six of the personalised risk oral health discussions observed in this study took place in practice 5
(see Frequency and context of risk talk), it is striking that the TL categorisation did not prompt explicit
risk talk nor facilitate expanded discussion on lifestyle risk. Even though all patients in practice 5 would
have been allocated to a TL risk category using clinical software used during the check-up appointment,
whenever this information was passed on to patients the implications of their TL category were usually not
discussed in depth.
There is a possibility that TL categorisation may be used as a substitute for more detailed discussion on
lifestyle risk (i.e. acting as a shorthand), such as in the following two observation examples:
D: Have a rinse out. Want to pop in and see the hygienist?
P: Do I need to?
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D: It can wait. So this is your care plan, you’re green and everything. See you in a couple of years.
Observation check-up (patient, female, 20s), practice 5
D: Hi, I’m [name], you fit and well?
[Patient nods.]
D: Smoke?
P: No. I haven’t been to a dentist for 10 years.
D: Any immediate problems?
P: Have a bad tooth, a root canal that’s falling apart.
D: OK, just a check-up today – is that all right?
[Dentist lowers dental chair and hands the patient protective glasses, undertakes charting and BPE, sits
patient up, then takes radiograph.]
D: There is some gum inflammation needs sorting out. Want to pop round?
[Dentist shows patient radiograph.]
D: See this tooth, it’s a difficult extraction, I could leave it, but there is decay under the filling.
P: OK.
D: Need prevention before you can have the treatment and then come back for a treatment planning
session. Then come back to me. Red for decay.
P: How many fillings need done?
D: Book two appointments in with the desk.
P: Thanks. Bye.
Observation check-up (patient, male, 40s), practice 5
It is important to note that dentists in practice 5 often gave the patient their risk classification during the
‘farewell sequence’ of appointments. In the farewell sequence the patient is getting ready to leave, the
dental nurse has started decontamination and the dentist is typing up notes and ending the appointment.
In other words, important discussions happen prior to, not during, the farewell sequence, and by placing
a TL category discussion in this part of the appointment the dentist signals that the information is not
important. It also discourages discussion with the patient through verbal and non-verbal communication
(e.g. writing notes, opening the door) that the appointment is ending.
Patients’ view of traffic light imagery
Although most of the 30 patients interviewed agreed that TL imagery was a simple way of receiving
information about their oral health, patients were generally fairly indifferent about its use. In interviews,
patients did not express strong feelings, commenting simply that ‘it seems self-explanatory’, ‘it wouldn’t
bother me’ and ’it’s OK’. Even though some of these patients said they saw value in having the TL card
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as a reminder after their check-up, many admitted that they did not read material they received from
the dentist:
Int: And do you think it is something you would look at away from the dental practice?
P: I can’t really admit that to be fair because anything I get given at the dentist I just . . . yeah . . .
I don’t look at it . . . [chuckles].
Interview with female patient in 50s, practice 2
Some patients felt particularly positive about TL information and identified two reasons for this. They felt
that they wanted more information about their oral health to make better-informed decisions and that for
them TL information was useful in alerting them to potential problems:
Yeah, I think it would be quite useful actually . . . to know that there is something needed flagging up
or you have kind of got a clean bill of health that’s nice . . .
Interview with female patient in 30s, practice 1
I liked the traffic light card – makes you aware. Have thought about it quite a lot since and I think it
really helped me to consider my oral health.
Patient telephone follow-up at 6 months
These patients were those who also said that they wanted as much information as possible about their
oral health in order to help manage dental anxiety and uncertainty in particular. Good communication
practices, for them, involved detailed explanations of their oral health and anticipated treatment:
. . . definitely, it’s the lack of like explaining. I like to know the ins and outs of everything, even if I
don’t quite understand it, having a process of it helps me understand it.
Interview with female patient in 30s, practice 3
Patients said they liked the TL system because it provided a way to monitor their progress by providing a
reference point. The value of the system is in providing a goal and a plan against which to measure
progress, rather than as a one-off ‘shock factor’:
If she said ‘yeah all right you have got a red card because your teeth are going to fall out ‘cause you
have not been looking after them but in six visits we can have then on a green’ . . . it can be a
timescale thing.
Interview with female patient in 20s, practice 3
I thought the traffic light card was really useful and positive. It was good that I could take it home
with me and then maybe compare it to the next visit, so I could maybe track my progress.
Patient telephone follow-up at 6 months
Several patients, although supportive of the simple nature of TL imagery, thought that this was
unnecessary in routine dental check-ups. They explained that more information from their dentist,
rather than the classification itself, was the most helpful:
I guess I don’t need a card or anything . . . as long as they explain to me what I need to do, or if there
is anything that I need to buy or whatever to maintain that, I am sure they will. That’s fine for me.
Interview with female patient in 40s, practice 2
I didn’t think the traffic light was necessary – the colours I mean. I was going after just the
advice personally.
Patient telephone follow-up at 6 months
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Therefore, the TL imagery did not add value to their dental check-up for these patients. Several patients
explained, when looking at the TL cards, that they expected dentists to provide this information to them as
routine. As a result, the TL cards were meaningless to patients without additional explanation from the
dentist. Moreover, some patients were unsure whether TL categories should be interpreted at an individual
level (red being worse than usual, green being better than usual) or on a population basis (red is worse
than expected for people like you). They were also concerned that three categories oversimplified the
situation. Finally, there was some concern that the TL system might be misused, suggesting that it was
open to manipulation for dentists’, rather than patients’, interests:
Int: How might this system work for you? Would it be useful?
P: Well, I . . . again you are at the mercy of the person making that judgement. I mean, erm . . . if a
dentist was short of patients, then there may be the temptation to classify people as amber rather
than green and red rather than amber, so people come back more regularly because obviously the
dentists get paid on a visitation basis.
Int: Umm.
P: So erm . . . but yeah, I think something as simple as that, if the dentists were to say that, yeah I
think it . . . I don’t think it is very likely that it is going to be abused but . . .
Interview with male patient in 50s, practice 4
In summary, patients overwhelmingly thought that the TL was simple to understand. What they liked most
about the TL system was receiving more information from their dentist about their oral health, which,
as some patients noted, did not require a TL classification in itself. There was some enthusiasm for the
usefulness of a TL system to help patients manage and track their progress over time, particularly when
they were arriving to the dentist with a number of problems. There were some concerns about the value
of TL on top of what they expect to receive from their dentist during a check-up, and about the potential
for misuse. Overall, however, there were more accounts of indifference rather than an overwhelming
support or dislike of the TL.
The dental team’s view of traffic light imagery
Dental staff who took part in the RCT study had different experiences of using TL imagery that varied by
practice. In practice 3, for example, situated in a high-need area, one of the dentists involved said that
they did not get much of a response to TL information from patients. They described many of their patients
as anxious about coming to the dentist, and when they did, they typically accepted advice without
challenging or asking many questions. Because of this, when using the TL cards, the dentist was unsure
about how much patients took in:
Int: And what about the other arm with the red–amber–green group. How did you find it worked as
part of the trial?
D: Because I don’t know the results, I wouldn’t really know. You can’t really tell with the patients . . .
do they understand what that means? When I told them they were high risk (which I always do
anyway whether you give them that traffic light or not), high risk or not whether that traffic light
looking at it – green–red–yellow – would make an effect. So, if they keep it, obviously if they see it all
the time then that’s something that may effect, well whether you give it to them and they just have a
look then just throw it away it’s a different story.
Interview with dentist, practice 3
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In this practice, however, there were relatively high rates of failed appointments and a high number of
dentists in the practice, which meant that there were few established relationships. For this dentist,
delivering a TL message during the first meeting with a patient was difficult without having the time to
first develop a rapport with them.
In contrast, practice 5, which used a TL system as part of an NHS (prototype) contract, had a mix of
socioeconomic groups. Their middle-class patients, for example, during observations were much more
likely to challenge the dentist’s opinions or treatment choices. The practice manager at the practice
explained that they had received a number of complaints about the TL system from patients who were
not happy about the classification given to them:
I have had a recent complaint that I have been dealing with where the patient likened the red–amber–green
pathways as being akin to Nazi Germany. Which I felt was slightly harsh but that’s how he . . . he was
extreme in his feelings towards it. Hated it, absolutely hated it, thought it was an appalling system and that
he was in some way being labelled as erm . . . less attractive in every sense of the word than somebody
who was a green patient. He really took it to the nth degree. Didn’t like the fact that because he had some
serious perio [periodontitis] and a problem with acute perio. Pretty much random caries because he was
a big mint eater . . . couldn’t get that. No, no, no, no . . . it was our job was to put him back together . . .
it wasn’t to give him any advice on his lifestyle and his lifestyle choices . . . that wasn’t our remit, we were
just there to do what he wanted. So – no, it’s not always good.
Interview with practice manager, practice 5
During interviews, members of the dental team at practice 4, which also had a mix of socioeconomic
groups, similarly reported that their patients did not respond well to the TL system and challenged the
dentist on their classification. The lead research nurse for the study reported that dentists found it
uncomfortable to report the TL category to patients when there was the risk that the patient would get
offended. This was particularly relevant for patients who had been working on their oral health but were
classed as red:
Int: And what about the traffic light, how do you think that worked?
RN: Erm . . . quite a lot of people have not liked the traffic light. I think quite a lot of people have said
it’s a bit, I don’t know, it’s a bit erm . . . they just said it not nice to say you are a green or . . . you are
either high or low, do you know, it’s a bit like not rude . . . but you know they have not found it very
pleasant for someone to say, because you have maybe not brushed your gums or not flossed that you
are now high risk. Not necessarily you need a filling, you are high risk because you have not done that
properly and I think there is a bit of a situation with that kind of thing so you have not. So even
if you need one filling you are now high risk and it’s like . . . ‘Oh this is my very first filling in 30 years,
I mean how can I be high risk’ and it’s trying to explain that kind of thing to the patient that they
don’t like.
Interview with research nurse, practice 4
The other dental nurse involved in the study at practice 4 reported that although some patients did not
appear to like the TL system, they thought that the information on the back of the card (about recommended
behaviour) might act as a bit of a reminder to patients after the appointment:
It has got things on the back of it that you need to improve, so if you have not took in all the things
that the dentist has been saying it is something to take away with you to recap on . . . because
obviously if you have not remembered it all it’s something you can look and say, well they did tick
here that I need to improve that and need to improve that, so I think it’s better for the dentist as well
to be able to give you something to say this is what you can improve on than just telling you.
Interview with dental nurse in practice 4
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Practice 2 generally reported that they had a positive response to TL cards from their patients. They also
found the TL cards useful as a reminder or prompt for patients. The participating dentist did acknowledge,
however, that the TL algorithm was not sufficiently complex to capture a patient’s oral health in the
context of their lives. As they describe, the dentist felt comfortable recontextualising TL for their patients to
avoid demotivating them from engaging. This involves explaining the limits of TL to a patient and focusing
on what they can do to improve. This was aided by the dentist’s experience and familiarity with patients:
Int: How did you find the traffic light cards?
P: Oh, patients liked it; it was a bit new to us but not the theory behind it. Erm . . . yeah they liked it,
it worked quite well and tick boxing on the back, it was quite handy to hand something to somebody
that worked quite well.
Int: And did you feel comfortable giving that to patients?
D: Yeah, again I think a lot of that comes with confidence, so as I have got older and more experienced
I am quite happy giving, and it’s not bad news, that’s not right, but if there are areas of concern I am
quite happy talking to people about that. I think maybe when I was younger in my career you maybe
don’t feel as confident to do that but especially a lot of our patients who I have seen for a long time.
Yeah – we are OK giving that. There are sometimes, a couple of times, where they would fall into a red
traffic light, which is sometimes a little demoralising for patients who do work very hard – but obviously
they do have those areas of concern and there may be some of the elderly population who technically
fall into it, but you know they do their job based on their age and their ability. So, as long as you kind of
explain that to them most of the time people were fine with it, therefore meant we were fine with it.
Interview with dentist, practice 2
Using photographs to convey information on risk
Visual methods used routinely in existing practice
Visual methods, such as the use of radiography, mirrors and posters, to communicate oral health risks to
patients are commonplace in the observations of current practice. Some dentists used visual aids on a
regular basis, but this was more of an individual professional routine rather than a general clinical practice,
as reported in the interviews:
If I was to say to someone my ideal surgery that I would have . . . obviously to have more time, and then
having that, you know, that intraoral camera and pictures and things like that that I could show to the
patients. I used to do that in my VT [vocational training] where I would have my pictures of gum disease,
what gum disease is, what it looks like, what the treatment is like, so people understand why it is
important to have it and maintain it. So – I think to me pictures and videos and things like that is really,
really important. Well actually, when people see the pictures and videos they understand what it is that I
am talking about, just with words it is very difficult for them to kind of visualise what it is that I am saying.
Interview with dentist, practice 4
There were intraoral cameras in a few of the practices and a few dentists based in those surgeries used
them with particular patients. One dentist in practice 5 used intraoral cameras with teenagers who
they believed needed to see the damage being done in order to achieve behaviour change. The dentist
explained that they thought that young people were more likely to remember a visual image than verbal
advice. In contrast with appointments with adults when dentists were often careful to avoid lecturing or
offending patients, dentists were frequently more forceful with teenagers:
D: Can I get intraoral camera for the molars?
[DN gets camera set up.]
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D: Lets have a look [D charts and records BPE score].
D to Mum: On the whole, fine, just some areas . . .
[Turns computer screen to show P.]
D to P: See this pit, it’s like a crater. Do you think that’s normal?
P: No.
D: Know why you got it? [P shrugs] There is dotting on the teeth which is lost enamel. What do you
think could have eaten that?
P: Don’t know.
D: Are you trying to work it out?
P: I don’t drink fizzy pop.
Mum: Drinks fresh orange juice sometimes.
[D gets out laminated picture of sugar amounts in drinks.]
D: See here how much sugar is in drinks you would expect. Do you drink these?
Mum: It’s mainly cordial and fruit juice.
D: Orange juice is healthy but still has loads of sugar and acid which damages the enamel. Drink it through
a straw OK and have them at mealtimes. Don’t want to see more loss of enamel. Brushing is OK. OK?
Mum: Thanks [both leave].
Observation check-up (patient, male, 11–19 years), practice 5
Most dentists used simpler visual aids in their everyday practice, such as using radiography and mirrors.
These aids helped to show patients’ areas of risk and largely eliminated the need for the dentist to tell
them, making it a more comfortable exchange. Here, the examples show the dentists using mirrors, as
radiographs are commonly used to show patients treatment needs rather than oral health risks. Mirrors,
however, were used to give detailed oral health advice about brushing or to point out problem areas:
D: 0, 0, 2, 3, 2, 0. That’s fine, the only area you are missing a bit is right on the inside here where
there is a pocket. Concentrate here, right around the edge. Can you feel it with your tongue? Fuzzy
between the tooth and gum, should be smooth.
[Hands P mirror.]
P: Will do my best.
D: Right down here, see . . .
[Uses mirror with probe to show P.]
D: Just do a little bit more. Everywhere else doing well.
P: Good, do my best.
Observation check-up (patient, female, 80s), practice 4
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Dental staff who used these visual aids said that they enabled them to deliver personalised oral health
advice for their patients, which could help the information resonate more:
So, I think they appreciate it because it’s not just generalised information they are getting then it’s
tailored to you. You know that’s your teeth that you are seeing in the mirror and you can see the effects
that it’s having on that area, you know rather than just . . . here is a model, this is where you are missing.
Cause I don’t think some people can translate what they are seeing, you know like on the thingy models.
Interview with HT in practice 3
Overall, visual aids are currently being used in existing practice but tend to be used by particular dentists.
Dentists had preferences for different types of visual aids for different types of patients. For dentists
wanting an impact, an intraoral camera was used, especially with young people whom they were not
afraid to offend. In contrast, other visual aids allowed the dentist to illustrate the problem without
shocking the patient. The visual aids most commonly used were radiographs and mirrors, which do not
require specialist equipment and can be easily slotted into routine appointments. Dentists doing private
work tended to make the use of more complex visual aids, such as intraoral cameras or single-lens reflex
cameras to show patients their teeth.
Patients’ view of the use of quantitative light-induced fluorescence photographs
As part of early piloting work, the QLF camera was also used in some observed appointments in practice 5.
Two dentists agreed to allow their dental nurse to take QLF photographs over 2 days of check-ups when
the observer was present. All of the patients over the 2 days agreed to have their QLF photograph taken
when asked by the dentist. For some patients, the images produced appeared to shock and disgust:
P: Oh I’m in trouble [looking at partner], I’ve not been completely following them to be honest.
I’ve been at the funeral of close family and depression so a bit hit and miss.
D: Still need to really work on this. Would you mind if we took a photo?
[Takes photograph and turns screen to face patient.]
P: Oh it shows you . . .
Partner: Can I get a copy of that – for my diet!
D: So, this pink is the bacteria on your teeth, so you need to be brushing this area much better, and
following the advice of the prevention nurse. How did you find it?
P: Not too bad, interesting.
D: Shows you where to spend more time brushing . . .
Partner: Making me feel sick. That camera is awesome.
Observation check-up (patient, male, 40s), practice 5
D: How did you find having the camera?
P: Fine, it’s the face that looks bad . . .
[D gets up to look at the photograph on the screen.]
P: Need to put a hand grenade in there, flipping heck! They didn’t look too bad until the bridge broke.
Observation treatment visit (patient, male, 50s), practice 5
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During the interviews, there were very strong responses to the QLF photograph in comparison with the
indifference to TLs. Many patients described feeling uncomfortable with the idea of a QLF photograph.
Although in the interviews patients were not referring to a QLF photograph of their own mouths (they
were shown an example), their reluctance was bound up with anxieties about the look of their teeth.
These patients did not want to look at their teeth, let alone a photograph displaying potential problems
they did not know about. Patients discussing QLF often explained, without a prompt, their discomfort as
guilt for past failings:
P: I think that’s awful . . . if that was me I would think ‘oh no’ . . . I would hate to see that personally,
I would, I think it’s awful that. But if it aids you it’s a good thing, but just looking at that I would be
thinking ‘Oh my God’ . . . cause I know I don’t clean them properly, as I say I left them for so long as a
child I haven’t got the best teeth in the world erm . . . but no, I think that’s . . . not a very nice picture
really, if that was mine I would be saying ‘Oh no . . .’.
Int: Cause what we were asking is would you feel comfortable if it’s something the dentist did in your
check-up?
P: I wouldn’t actually, I don’t think I would be personally. No, tell me what I have got to do and that
would be enough for me.
Interview with female patient in 50s, practice 4
P: I wouldn’t like that.
Int: No? Can you explain?
P: Cause I don’t like looking at my teeth, so I wouldn’t want to take a picture home with me. It would
be helpful but it’s not something that I would like, does that make sense? Yeah, I wouldn’t be
comfortable with [dentist] doing it erm . . . yeah, I think it’s a bit shame-y really.
Interview with female patient in 40s, practice 5
Despite patients’ dislike of QLF, it was clear that they could still see the value and utility of it. When they
reflected on QLF for their own teeth, patients saw the potential of the photograph to cause shame and
guilt. At the time, they recognised that the QLF photograph could give them valuable, extra information
about their oral health. Some of these patients, then, said that they would be open to having QLF
photographs taken once their teeth had improved as a way to show their progress. They were reluctant
to have the photograph taken as a way of shocking them, as they were already keenly aware of having
problems with their teeth:
Int: How would you feel about having this photograph taken at your next check-up?
P: Not at the moment but once this is sorted then err . . . yeah, I guess if it is pointing out things that I
have missed then that yeah . . . that’s always useful yeah.
Int: So you would feel uncomfortable at the moment having it . . .
P: Yeah because of the state of my teeth yeah, I don’t want to be looking at my teeth, I don’t want
anyone looking at my teeth at the moment but obviously it can’t be helped, at the end of it like when
it’s all going to be hopefully clean like . . . then yeah yeah then I would find it handy. I know it sounds
a bit, it’s maybe a bit backwards that when I need it the most I don’t want to look at it but do you see
what I mean though yeah, it’s not a very nice thing to have.
Interview with male patient in 60s from practice 4
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P: Yeah. I mean my initial reaction was like . . . whoooh but I mean that’s obviously a useful thing to
have and there is no point in sitting there being unaware like if they can do something about it and
brushing improvement it’s probably a good thing.
Int: So if the dentist gave you a photograph of your teeth to take away with you, do you think that
would be something you would look at or?
P: I would certainly look at it and note down but then probably get rid of it and just try and remember
where to act on.
Interview with female patient in 50s, practice 4
In telephone calls at 6 and 12 months, during feedback from patients who were in the QLF arm during the
RCT trial, some participants concurred that they had felt ‘embarrassed’ about the photograph but could
not remember much about it, or had discarded the card, suggesting that negative emotions about the
photograph may not have a long-term effect. A larger number of patients did report that they found the
photograph useful for making changes to their oral health behaviours:
The photograph was useful at the time as it helped me to understand where I was failing to brush properly.
Patient telephone follow-up at 6 months
The photo was really good at demonstrating to me that I had been doing well. I liked that it was visual
and that it was easy to understand and to see what I needed to do.
Patient telephone follow-up at 6 months
In summary, introduction of QLF images in dental practice for health education purposes is likely to be met
with resistance. Many patients were acutely uncomfortable with the idea of the photographs being taken,
even if they thought that they would be helpful. It is also clear from the observations that patients are likely to
consent to the photographs when asked during appointments. Patients who received the photograph also
generally reported finding it useful, even if they chose not to look at the photograph after the appointment.
The dental team’s view of the use of quantitative light-induced
fluorescence photographs
Practice 5 was trained to use the QLF camera and given a few weeks to pilot it prior to the study starting.
When the observer went to the practice, however, the camera was still sitting in the box from the training.
Although these dentists appeared generally positive about the potential for the camera, they said that they
had not had the time to use it in practice. It is also interesting to note that when visiting the trial practices
after the trial had ended, none reported using the QLF camera with patients. This included the practices
that had positive experiences and could see the value of its use. The current burdensome nature of the
equipment (laptop computer and connecting camera shown, see Figure 8) and the need to set up and
wipe down the equipment for each patient was a barrier.
Dental staff who took part in the RCT study were generally positive about the QLF photographs. Staff in
practice 2 described a positive experience delivering QLF to their patients who were mostly regular attenders:
D: Patients love photographs. They were a big hit, they loved visual aid. Again, a lot of the demographic
I had they loved something that they can see, that worked really well, taking them was really easy, they
would be brilliant, it would be lovely to do that for every single check-up, that would be great. I don’t
know how realistic it would be but that would be really nice.
Int: And so, you felt the patient engaged?
D: Very much so, very much so with the photograph, they loved the photograph.
Interview with dentist, practice 2
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The staff in the other practices also reported that they thought that QLF helped patients to understand the
problem at hand and acted together with the information that was being given verbally:
There is still not a lot of information, it’s just the picture but it’s . . . I think it still does give that image
to the patient thinking OK, when you show them which areas they are missing they can see it in their
picture and then obviously when they are brushing their teeth that image will come to them when
they are doing that. So, I think it definitely . . . will help.
Interview with dentist in practice 3
When reporting on patient responses to the QLF photographs, the dental nurses who took the photographs
said that although patients were initially reluctant, the experience was not as bad as the anticipation.
Despite the enthusiasm for the technology, practice 4 and other practices still reported concerns that it
would not fit into their everyday practice outside the trial. Some practices suggested that they thought that
it would fit in better with the work of hygienists who had more time during appointments, and similar to
the patients’ view the staff thought that it was best used to show progress over time.
DN: I wouldn’t say it would work on everybody on a day-to-day but things, but maybe things like your
3-monthly perios [periodontal examinations] or your people with gum disease that you are trying to
help bring it back. I think taking pictures of them in their stages as they go along would help that
patient to see where they are improving. You know if you are showing then, well this is what you
started like and now look at them, they would know that they are improving, that they have done
good. So I think for certain patients like that, where maybe the oral hygiene is not as good as is it
should be, showing the pictures in stages would make them, you know, make them happy that we
have actually done something to improve it.
Interview with dental nurse, practice 4
Summary
The qualitative work aimed to investigate at how dentists currently give patients information on their oral
health risk within routine dental appointments. The key finding from the observations of dental practices
is that, despite routine dental check-ups being a risk context, there is very little explicit risk talk between
dentists and patients. This holds true even in the pilot/prototype contract practice, which routinely used a
TL algorithm that was a mandatory part of its contractual arrangements. There was so little explicit risk
talk across all appointments that this leads us to conclude that risk is not part of the normal discourse
between dental staff and patients. Instead, we suggest that risk is part of a professional discourse, given its
prominence in relevant policy and among staff, rather than a common concern of everyday clinical work.
In clinical encounters, dental staff used a range of ways to communicate risk implicitly, translating risk
information into metaphors in order to aid understanding and using temporality to evoke risk when talking
to patients. Dentists would often ask patients to offer explanations of past behaviour to explain current
symptoms, as well as evoking a threatening future should action not be taken in the present. By making
patients feel ‘fear’ about the future, dentists are attempting to make the risk feel real and relevant to their
immediate circumstances, thus trying to avoid patients delaying treatment and requiring more extensive
treatment in the future.
There are several reasons why risk work is minimal, but perhaps the most prominent one when thinking
about discussing lifestyle issues is the risk of offending patients and disrupting relationships. As Linell
et al.73 note, lifestyle issues are ‘threatening to personal integrity and, therefore, interactionally sensitive’.
There are several studies in a range of settings that show that health professionals often try and behave
politely and civilly with patients, regardless of their personal feelings.147 During interactions, these health
professionals try and save patients’ feelings and allow patients to do face-saving work, such as excuse,
repair or apologise.161 This shows that professionals would rather deliver messages in a less confrontational
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way or avoid them altogether rather than risk the patient leaving after being offended. In interviews,
dental staff acknowledged that talk about lifestyle could be tricky, especially around smoking. Often
dentists turned to delivering rehearsed statements about smoking and sugar to patients, which enabled
them to tick the box without getting into uncomfortable discussions. Dentists explained that if they gave
general information about the risks to everyone, then no one would be targeted and offended. However,
this tactic does not seem to work in practice and patients expressed frustration at being given general
advice that was not relevant to them.
The use of traffic lights and quantitative light-induced fluorescence in dental contexts
Patients responded indifferently to the presentation of risk through TL. Most patients valued receiving
more information from their dentists but did not see TL as providing additional support. On the other
hand, because of the broad categories used in TL, most patients reported that they expected to be able
to anticipate their risk category. Therefore, being given TL was only minimally face-threatening. This is
important, given that risk is inherently a face-threatening act. In contrast, patients felt unable to anticipate
the results of QLF and, as such, it was more acutely face-threatening. Anxieties about having a photograph
taken, then, reflect uncertainty about the outcomes. Looking at the photograph itself can become less
threatening as the dentist gives detailed information about the patient’s health. Patients reported QLF as
having the potential to add value to their dental experiences. Conversely, the biggest barrier for dentists
was this extra time.
Staff in dental practices also shared concerns about giving risk information to patients when it could
disrupt the clinical encounter (through shame, guilt and blame). This varied, however, by practice. Some
practices were comfortable delivering TL but were not met with much response by their patients, which
may have lead to limited discussions. Other practices met with resistance (from the patients) to being
categorised. Observations made of the use of TL in practice 5 show that it does not increase discussions
about risk. In some cases it reduced discussions. Staff at a number of practices reported that they also saw
the value in QLF of giving personalised information to patients. Overall, staff thought that QLF would be
most useful for hygienists when dealing with periodontal issues. However, even among practitioners with
positive experiences, there was no adoption of QLF into routine practice.
In general, given that patients find more time and information from their dentists as most important,
and that time is critical to allow for dentists to deliver risk work, it may be that adding other ways of
communicating risk could be premature. Prior to introducing new methods, there first needs to be adequate
time and support for dentists and patients to have these discussions. Staff and patients report discomfort
from risk-related discussions during clinical practice, and, as such, risk work is not occurring. Furthermore,
there is a wide variety in the communication skills of dentists and not all of it is dependent on time. Some
dentists are very adept at being personable with patients in a short period of time, whereas others see
communication as a low-value aspect of their job that they would like to minimise:
I think it’s totally personal. There are some dentists who are fabulous communicators, who naturally
empathise with people and are just able to communicate. There are others who struggle. And I do,
I don’t know if it’s something they should be taught at med [medical] school or whether it’s something
that you have either got or you haven’t got. But you can see which of our dentists has the gift of the
gab and those that don’t, both on a private income scale and their success rate with patient buy-in.
Interview with practice manager, practice 5
Training in communication skills needs further support so that dentists can have open discussions with
their patients about oral health in a personalised, holistic way. Patients would also benefit from knowing
what to expect in dental appointments, so that they can anticipate what may be talked about, reducing
anxiety and improving communication.
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Chapter 6 Patient and public involvement
perspective
Introduction
In health research, increasing emphasis is being placed on fostering meaningful partnerships between
researchers or clinicians and the patients whom the research is intended to benefit.162 In the UK, patient
and public involvement (PPI) is strongly embedded in health and social care policy: The Five Year Forward
View163 emphasises the need to engage patients with a fresh perspective, involving them directly in
decisions about the future of health services. In keeping with this, NHS England has committed to support
PPI in its work; incorporating views from people who use health services as ‘experts by experience’ and
who can make meaningful contributions ‘as a result of their lived experiences’.164 (This paragraph contains
public sector information, from an online resource provided by NHS England, which is licensed under the
Open Government Licence v3.0.)
UK-based organisations that support patient engagement in research, such as National Institute for Health
Reseach (NIHR) INVOLVE (funded by NIHR), have been set up to encourage research projects to be ‘coproduced’
with patients/the public, so that ‘research is being carried out ‘with’ or ‘by’ members of the public rather
than ‘to’, ‘about’ or ‘for’ them’165 [Copyright of INVOLVE, National Institute for Health Research (NIHR),
2018. Materials from this site can be downloaded, printed out, copied, used and distributed free of charge
for non-commercial purposes only. No alteration or adaptation of any of the materials may be made without
the written permission of INVOLVE]. However, truly meaningful patient engagement and coproduction is
often found to be challenging, given a landscape of inevitable constraints (ethical, practical and budgetary
restrictions, among others).166 On the other hand, possible benefits to the research community can be many,
such as increased relevance of the research, more ethically sound research, diverse perspectives surrounding
research questions and how to approach answering them.167
The PREFER project sought to incorporate patient contributions at key stages throughout the study, with
the main goal of ensuring that there was genuine engagement with the research processes throughout.
Patient engagement was viewed by the research team as a tool to ensure that the research was relevant,
applicable and communicated effectively to the patients whom the study was seeking to engage. The
involvement of the PPI team members is described and reflected on in this chapter in the context of the
wider literature on patient and public engagement and involvement in the research community. A range
of material from discussions, meetings and documents have been collated to provide an overview of
the patient contributions to the PREFER study group. Lay members also contributed by writing up their
reflections (sent by e-mail) on their contribution to the PREFER study and their experience of the process
of involving their views in the research.
Funding application: scoping exercise
User engagement was incorporated from the very early stages of the research, including research
question development. Initial informal ‘scoping interviews’ were conducted both with an experienced PPI
representative (patient 1, male) and then with eight patients of varying ages, gender and socioeconomic
backgrounds attending an NHS dental practice. These discussions highlighted the relevance of the research
topic to patients. Patients were interested and concerned about issues to do with communication during
dental appointments. It became apparent at this stage that patients had varied reactions to different
possible formats of risk information. Patients suggested ways we might engage people from a variety of
different socioeconomic backgrounds in the research. A consequence of this was that we increased the
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time we estimated to gather research data from patients in order to better accommodate patients with
low educational backgrounds.
It was during these scoping interviews in the NHS dental practice that one of these patients expressed
a particular interest in the research topic and so became part of the research team as a PPI member
(patient 2, female) (Figure 14).
Figure 14 outlines how the first patient member [an experienced patient representative and previous
chairperson of HealthWatch (Liverpool, UK) for the area] was joined by three further patient members as
the research took shape.
The patient and public involvement group
The PREFER research team set up a patient and public involvement group (PG) comprising four people –
two from the NW of England and two from the NE, as these were the two research activity localities
chosen and we wanted to be representative of these areas. PG members were recruited through either the
chief investigator or the co-applicants, following a detailed explanation of the project. In the NE, although
we attempted to recruit patient and public members via the Faculty of Medical Sciences Public and Patient
Engagement: VOICE North Research Support Group (www.voice-global.org/groups/), this did not come to
fruition, which meant that the NE patient and public members joined the research team relatively late in
the process. However, several lay people did express an interest when we tried to recruit again and we
selected two candidates on the basis of written expressions of interest.
The role and scope of the PG was to review and contribute to developmental decisions surrounding
the intervention, the intervention materials, recruitment processes, interpretation of results and the
dissemination of findings. From the outset, the research team sought to include the patient representatives
as active participants in research decisions rather than as mere observers, looking to move beyond
tokenistic representation.
Patient and public involvement group members consisted of three females and one male, all falling within
the ‘middle-age’ age group (aged 36–64 years). All PPI members were users of dental services within their
localities. Members had varied motivations for wishing to be part of the project, with all members expressing
PG5
Research
idea
outset
Patient 1
(NW rep)
recruited to
team
Scoping
interviews in
dental practice
Patient 2
(NW rep)
recruited
to team
Grant
application
success
PG1
PG2
Attempt to recruit PPI 3
(NE rep) from FMS
PPI – unsuccessful
Attempt to recruit
patient 3 (NE rep)
named applicant:
struggled to engage –
unsuccessful 
PG3
PG4
Recruited
patient 3
and patient 4
to team 
The PREFER study
FIGURE 14 Timeline of PPI with sequence of patient group meetings (PG1–PG5). FMS, Faculty of Medical Sciences;
rep, representative.
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an interest in the project and dental research more broadly. They were all motivated to provide unique
insights from a lay perspective:
I think it is essential to have information as clear as possible and a lay person can provide an extra
insight into this.
Patient member 3: application statement
‘Bad’ dental experiences or extensive experience of dental treatment were also cited as a motivator for
joining the team as a PPI member:
. . . I have had bad experiences with dentists in the past so a project like this gave me the opportunity
to have a say about communication practices.
Patient member 4: informal conversation
Patient and public involvement group setting
Five PG meetings were held over the life of the study, one in October 2014 at the start of the project, the
second in March 2015, another in February 2016 and October 2016, and the final one in February 2017.
All meetings were held at the University of Liverpool. For the most part, PG input was incorporated into
the Project Advisory Group (PAG) meetings, with the exception of the final meeting, when an independent
PG meeting was held (just with the four patient members) prior to the Project Advisory meeting. All four
patient members then joined the PAG meeting.
Patient and public involvement members were also given a PREFER research team contact name, number
and e-mail address to facilitate discussion throughout the project. Contact with patient members between
meetings was on an ad hoc basis, depending on the stage of the study.
Patient members received reimbursement for their travel expenses plus £75.00 as per INVOLVE recommended
rates for each session they attended.168 During each meeting, detailed minutes were recorded and circulated
to each member thereafter, including patient members. Meeting agendas and relevant papers were sent out
to all members ahead of each meeting to allow time for preparation.
Patient and public involvement training
The two patient team members who were located in the NW of England attended a PPI training programme
provided by Citizen Scientist (www.citizenscientist.org.uk/), a project aimed at linking lay people with research
opportunities. Three training sessions took place at Salford Royal NHS Foundation Trust and involved three
components:
1. Ethical implications of research – background history, governing bodies, Good Clinical Practice procedures.
2. Applied examples of Good Clinical Practice in research projects and what it means to be a PPI
representative.
3. Tools and techniques that lay representatives can employ when working with research teams, including
confidence building and stress management techniques.
Feedback about this training was positive, but highlighted that the different PPI members had different
training needs:
I found the sessions extremely useful as a new recruit to patient and public involvement and it was
also good to meet other patient and public involvement representatives and hear about their projects,
so it was a good networking forum.
Patient member 2: training feedback
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As an experienced patient and public involvement member I found the training sessions very useful in
providing a focus. After attending I felt my approach was more structured and logical. All the sessions
were very informative but 1–2 were stronger in their emphasis on involvement by participants.
Patient member 1: training feedback
In addition to general research training tailored to the role of lay people, the research team also provided
study-specific training. The two NW England PPI members attended a session where the PREFER research
team demonstrated study materials (including QLF camera technology), and described how the study and
the technology had been implemented and co-ordinated in the dental practice setting. Following on from
this, a further session was arranged with all four PPI team members during which study materials were
again demonstrated and discussed with a research team member.
The timing of the two study-specific training sessions was fragmented because of difficulties with PPI
recruitment in the NE. Late recruitment of the two NE patient members meant that they missed the
generic research training provided by Citizen Scientist. The two NE PPI members were only involved in the
second of the study-specific training sessions.
We audio-taped (with permission) discussions in the second of these study-specific training sessions in
order to document their views on the study materials, technology and training materials, and to help us
reflect on lay involvement in the research. Views were mixed. For example, issues about cost implications
were mentioned sporadically. The four patient members expressed varying views about the different forms
of information used in the study. They expressed a variety of opposing views about the QLF technology
in particular, which emphasised to us the importance of including a variety of different people when
incorporating lay views.
Positive opinions
I was really attracted to the photograph because it is so personal . . .
Patient member 3
It’s using technology to the perfect end for me. It sees things that you know your eyesight doesn’t . . .
Patient member 4
Negative opinions
. . . would be loath to have that done . . . I don’t want to see it, I’m one of those people in denial.
Patient member 2
. . . but how much is this all going to cost and can people afford it?
Patient member 1
Traffic light cards were viewed as a way to structure a dialogue, to supplement the information given to
the patients by the dentist and as a way to prevent patients being ‘overloaded’ with written information:
The card is useful because it’s small and you’ve got more chance of having a look . . . you get sick to
death of reading things on pieces of A4 paper . . .
Patient member 4: study-specific training session 2
I think the key thing for me that I’ve seen progress throughout the trial, is the forcing the dentist to
have a dialogue . . .
Patient member 2: study-specific training session 2
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Patient team member contributions
Patient and public involvement contributions were especially important during the study materials
development phase and prior to any data collection. We were fortunate that the two patient members
involved at this stage included an experienced PPI representative who had worked on projects previously in
similar roles (and, therefore, understood the research process). The second representative, although new to
the role as a patient team member, had a background in marketing and was able to provide advice and
insight into the communication methods being tested in this study.
Specific contributions were made to editing the patient information sheets, consent forms and
questionnaires in order to make the wording more patient friendly, prior to submission for ethics approval.
The WTP part of the questionnaire was particularly challenging, especially trying to present the concept in
an easily understandable way for patients. Patient members also advised about whether or not patients
would be willing to divulge their household income, and helped the research team weigh up the benefits
of including various behaviour-change questions against the downside of adding to participants’
response burden:
One of the most challenging parts . . . was making the WTP section [of the questionnaire] more
understandable for the patient.
Patient member 2: reflections e-mail
As a result of my advice, patient questionnaires and data collection forms had their language
amended to make them more user-friendly and accessible.
Patient member 1: reflections e-mail
Patient and public involvement contributions also helped shape the design of TL cards used in the study,
resulting in a credit card-sized format rather than in an A4 sheet of paper (as is the usual case in NHS
dental practices involved in testing the new dental contract model). The development of the TL cards was
an iterative process between the patient members and the research team. An early prototype was shown
to the patient team to garner their opinions. The feedback received had a direct impact on the design of
the cards that were handed out to patients during the study.
The version below was the earliest iteration of the TL card (Figure 15). Patient feedback suggested that the
card should be altered in both design and information content. It was felt that this design might stigmatise
those who are categorised as red patients in this format (given a ‘red card’ – as in being sent off the pitch
in a football match). Suggestions were made to dilute the red colouring. It was also proposed that the
cards should carry constructive health information about what to do to change behaviours on the reverse.
A second iteration is shown below (Figure 16), incorporating the patient comments above. The language
was altered to make this more patient friendly, and specific suggestions to enact behaviour change were
added to the reverse of the card. Further feedback was sought thereafter.
FIGURE 15 First iteration of the TL card.
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After further patient group feedback, we did some further adjustments to the format of the card, as well
as to the wording of the behaviour-change information that would be presented to the patients. The red
colouring was reintroduced in a lighter shade of red (see Figure 6).
Patient contributions to Project Advisory Group meetings
In addition to practical advice, throughout the course of the PREFER study development patient members
voiced important considerations during PAG meetings:
What are the implications of having a ‘research ready practice’?
Patient member 1
This question prompted the research team to further explore results at the practice level:
At the dental practice, how will the addition of stress, if the patient finds the dental setting a stressful
one, impact the ability of the patient to take in the information being given?
Patient member 2
This consideration resulted in a small pilot study being conducted during the development phase of the
main trial:
The size of the measures pack is very large and would put me off taking part.
Patient member 2
As a result of this observation, and using input from the study team, the questionnaire pack was redrafted
and shortened:
With the WTP task, this could have an impact on the patient’s suspicion of ‘upselling’ in part private
practices, and we would need to explore this.
Patient member 2
It was made explicitly clear during the study task that this was a hypothetical scenario only:
People are used to paying for technology and will, therefore, expect to pay for it.
Patient member 1
How much is this additionally going to cost the NHS and the patient?
Patient member 4
Will the delivery of the traffic light card serve to reduce the amount of time the dentist spends speaking
with you . . . will it just be a simple: ‘You’re red, the action you should take is written on the card’.
Patient member 2
This comment prompted us to consider this in the qualitative study.
FIGURE 16 Second iteration of the TL card.
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Reflections
Patient reflections on the PREFER study
The following summarise patient members’ views on the research and their part in the process:
I can see the benefits of the three suggested methods and I was pleased to have been given the
opportunity to try out the camera . . . Verbal might be ‘in one ear and out the other’ and not much
communication going on. Traffic lights might encourage conversation and it’s useful to be given a
card, although a ‘red card‘ might be a bit emotive! It’s much better to be made gently aware than to
be terrified and not want to go back!
Patient member 3: after Project Advisory Group, by e-mail
. . . dialogue from the clinician is vital to be able to interpret the information given.
Patient member 2: after study-specific training session
I favoured the visual aspect of the photo advice as it could be used as a comparison to any follow-up
photos, hopefully showing improvement if needed.
Patient member 4: after Project Advisory Group, by e-mail
For me, it was very interesting to see the work that ended up with the goals at the end – verbal feedback,
traffic lights, photos. It’s a very complicated process! A bit like when you watch a film or a play which
might only have a few characters that you see, there are hundreds and hundreds of people behind the
scenes. It can be a surprise to hear that statisticians, analysts, psychologists are even part of the action!
Patient member 3: after Project Advisory Group, by e-mail
Patient members read the report at the draft stage. They were very engaged and provided some
interesting insights:
When I had the opportunity to see (and try) the camera, I thought it was a fantastic piece of equipment
but then after reading the report, I could see the pros and cons of all of the options, verbal, QLF, traffic
light and understand preferences and difficulties for all of them, also the concerns that patients and
dental staff may have. We might only see our face occasionally throughout the day but a photograph
can be a constant and perhaps scary and uncomfortable reminder for us. I don’t think anyone likes the
thought of a ‘red card’ so perhaps the dentist’s language (and the timing of it) can be very important,
and the study also highlights the difference between hearing a message or seeing a message. People
are all different and prefer different methods of feedback, one might have a preference of one thing
over another, some might take great offence whereas others might take advice on board.
Patient member 3: comment on draft of NIHR final report
I feel that the contributions of PPI members are valued. Many of the reflective points are relevant and
should inform future working methods. It would be useful to encourage the members to participate
in meetings and invite interventions. I think PPI representatives could network more effectively
outside meetings.
Patient member 1: reflections e-mail
From being accepted as a patient and public involvement representative on the project, I feel that I
have been involved as a valued member of the team at all stages throughout the study.
Patient member 2: reflections e-mail
We were encouraged to represent the patient at all stages and excellent training (at Salford Royal) was
also provided to help us better understand what our role was about and how we could best contribute . . .
our contributions were also sought outside meetings as and when required. An example of this is the
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development of the traffic light cards and particularly on the questionnaires when we were involved in a
number of iterations to ensure they were as patient friendly as possible.
Patient member 2: reflections e-mail
The main meeting, I could understand some parts fully, some parts partially and other parts were very
complicated to me and I’m not sure how much sank in! Possibly a minimal amount.
Patient member 3: reflections e-mail
There was so much detail in the report, even covering the origins of the word ‘risk’, so fascinating.
Even from the start, the report takes us back thousands of years . . .
I have experienced a rollercoaster of a read. Lots of surprises (perhaps) along the way. Thoughts from
dental practice staff and patients were quite varied and made very interesting reading. I really enjoyed
reading the interviews!
It must be impossible to gauge people’s thoughts and why they make certain decisions. Willingness to
pay was an eye-opener and must be so difficult to explain, never mind write about in an understandable
way . . .
Every option covered which must have been an enormous task. It makes me wonder how life has got
this complicated! And . . . exciting to see my name in the report!
Patient member 3: comment on draft of NIHR final report
Patient reflections highlighted the need for PPI right from the start of the research process, as early as the
idea planning stage, and certainly during the funding application stage. The PREFER study struggled to
recruit the full patient team until closer to the end of the project, meaning that two of the members were
not given the opportunity to contribute to the early stages of the project’s development:
The request for funding stage gave an excellent overview of the scope and aims of the project and
I would recommend that this is a vital stage for PPIs [patient and public involvement representatives]
to be involved in all projects.
Patient member 2: reflections e-mail
Patient and public involvement members’ reflections gave some useful suggestions as to how we might
improve PPI input in future studies:
I believe that in future projects there may be opportunities to get the PPIs [representatives] more
involved. One opportunity we missed in my view was to use us in the patient recruitment stage,
representing the project to the patients and this would also have provided a bit more support and
visibility to the dental practice.
I would also recommend that future projects consider circulating a monthly highlight report, just to
keep in touch and keep the PPIs in the loop between project meetings.
I also think PPIs need to remember that they have a responsibility to represent the project to a wider
patient community and I think that there is much more that I could have done to meet this responsibility.
Patient member 2: reflections e-mail
The PREFER research team reflections on patient and public involvement
Throughout the study, the research team sought to make PPI as genuine as possible and were keen that
lay members took as active a role as possible. The research team had particular problems with recruiting
patient members in the NE at the outset of the study. Although at the early stages of the study, a lay
representative from NE England expressed an interest in being part of the team, we struggled to make
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contact and form an active collaboration, possibly because of the distance of their home from the main
research site. This meant that patient input was not as diverse as we would have liked at the start of the
project, which had implications with regard to balancing patient voice against patient representativeness.
Balancing ‘experience’ versus ‘patient representation’169 was a consideration when drawing together the
PPI team. An important motivating factor when volunteering to act as a patient member is having personal
experience of the topic and the empowerment that this knowledge provides (i.e. a service user, having
experienced a specific disease type).169 We recruited one patient member directly from an NHS dental
practice waiting room because she expressed an interest in the research topic from an ‘experience driven’
perspective. We encountered greater difficulties recruiting patient members from existing networks of
patient representatives, and so found incorporating patient representation more of a challenge. Given that
our four patient members expressed diverse views regarding the three information forms tested, we were
glad that we had persisted in our efforts to build a wider pool of patient members to inform the research.
Reflections from the patient members about their involvement in the research have been useful. In hindsight,
we agree that the patient members may have contributed even more, especially by representing the project
to a wider patient community and by raising awareness of the project among patients at the recruitment
stage. On the other hand, the dissemination phase for this report is approaching and we anticipate that the
patient members will be very involved in this, especially in the public-facing aspects.
In summary, the PREFER study team view its partnership with patient members as a success, particularly
considering the specific contributions made to the research by the patient members, the design of the TL
cards (which were used as an intervention arm), the content of the questionnaires (which were used to
gather patient data) and the patient-driven discussions during project meetings, which informed the
analysis, interpretation and reporting of results. We look forward to working further with the patient team
in our dissemination work.
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Chapter 7 Discussion and summary
Summary of key findings
Patients prefer traffic light information the least
It would appear from both direction (i.e. rankings) and strength of preference (i.e. WTP values) data that
verbal information is preferred most, followed by QLF photos and TL last. This was also robust across
sensitivity analyses. This is an interesting finding because the QLF and TL interventions explicitly stated
that this included verbal advice (in other words, the interventions were verbal, verbal plus QLF and verbal
plus TL). It is particularly surprising in this context that median WTP for verbal plus TL was half of that for
verbal alone, whereas, logically, an increase in value would be expected when an additional intervention is
offered. One possible explanation is that participants assumed that the addition of the TL card would
diminish the quality or quantity of verbal information and that this was especially valued.
This would fit with the findings from the qualitative work: observations in a new contract prototype practice
(practice 5) using TL categorisation of patients, found that the TL system did not increase discussions about
risk. In some cases, it reduced discussions. Interviews with patients and dental staff regarding the TL cards
indicated that patients were mostly fairly ambivalent (although in some cases patients felt TLs were an
oversimplification of factors affecting their oral health, and some reacted badly against being categorised,
some others appreciated being given as much information as possible, with TL information seen as a
further adjunct).
On the other hand, patients and the dental team identified that the benefits of both TL and QLF as
adjuncts to verbal information on risk may be in providing a basis on which to measure and reflect on
progress/improvement in oral health. This is more of a longer-term prospect than the way these tools were
used in this study (even though we followed patients up 6 and 12 months later). Revisiting risk status at
a subsequent check-up appointment and looking back on progress (or lack of) was seen as potentially
motivating for patients.
Variation by sociodemographic characteristics
The findings relating to the predictors of both the direction and strength of preference in our WTP work
reflect the fact that neither are particularly predictable. Models had generally low levels of fit and few
significant predictors. It also appeared that the younger patients were less likely to prefer verbal alone
and the older patients were more likely to prefer verbal alone, which was an expected finding. It is
interesting to reflect that the qualitative work showed that dentists appear to use visual methods more
often with young people, as well as more direct language in these interactions, perhaps because they are
less concerned about being confrontational or perhaps because younger people are less able to contribute
to the discourse on equal terms, and the visual material acts as some sort of support when the verbal
communication is a bit weak.
In terms of the influence of sociodemographic factors on WTP values, determined through regression
analyses, it was surprising that income did not affect WTP more, although the amounts being elicited
were relatively small, and this is not unusual for WTP studies. A recent review of WTP studies in dentistry
summarised the factors affecting WTP and found that gender, education and age were only influential in
a very small number of the studies, with income being the only factor found to affect WTP in a majority
of studies.105
We did, however, find that WTP was influenced by area deprivation for verbal and QLF information in
particular (high IMD increased WTP for verbal but actually decreased WTP for QLF). Given that income is
controlled for, what this may indicate is that the value of information may be lower in general for more
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deprived populations, and that there is something, such as the power relationship between patients and
the dental team in deprived areas, which is not captured by other sociodemographic indicators such as
income and education. The potential shame and embarrassment aspect of QLF images may explain the
reduced WTP for QLF in high IMD areas. That WTP for TL was influenced by education (higher WTP with
low education) is in line with our qualitative findings, which identify that TL information is perceived as
being a particularly simple way of giving information.
Our study is not unusual in finding that WTP is generally unpredictable, which may be because WTP is not
picking up genuine differences in valuation, or that values genuinely are very much determined by the
individual. Assuming that the latter is true, the implications are that it is difficult to target different forms
of information to different groups and that it actually may be better to have different options made
available for all patients and to allow them to choose.
Given the fact that WTP was highest for verbal, and this was also the least costly intervention, it is obvious
that this intervention would give the highest net social benefit in the immediate time frame. The intervention
with the highest net social benefit over the longer term may be different, but for this to be the case there
would need to be a difference in preventative effect (i.e. oral health promoting behaviour change) between
the interventions, which could in turn save longer-term disease treatment costs. In the absence of any data
to support this, the economic case shown here favours verbal information only.
There was little evidence of reported behaviour change
There was little evidence for behaviour change, except a reduction in consumption of sugar in drinks
between baseline and 6 months, which was also seen at 12 months, and a slightly longer duration of
toothbrushing among those followed up for 12 months (see Table 15). These changes did not differ by
intervention group. This may either be a cohort effect, which reflects a growing awareness of the potential
harms related to sugar consumption in the population in general, or the result of dietary information given
by dentists at the check-up. There is virtually no evidence available on the impact of one-to-one dietary
messages given in dental practice settings,170 and so this is an interesting finding irrespective of the fact
that there was no intervention effect. The finding that brushing duration was also slightly increased,
suggests that it may be an effect of dental practice visiting.
The EPPM was used as a mediator variable because it conceptualises risk in both cognitive and emotional
terms. Additionally, the EPPM proposes a specific mechanism by which people may engage defensive
responses to risk-based messages that they find threatening. Although no 6- or 12-month effects were
detected for behavioural change, we tested the proposal that intervention group effects may have differential
effects on behavioural intentions, perceived likelihood, severity of potential negative consequences of poor
oral care, and patients’ emotional responses to these. Although not directly related to a risk perception
intervention, we also examined self-efficacy, confidence and response efficacy.
No effects of the intervention were found on any EPPM variable measured directly after the intervention.
We did not assess effects on 6- or 12-month EPPM variables, as these are unlikely to change if the
intervention does not have immediate effects. Owing to the failure of intervention group membership to
influence EPPM variables, we conclude that the TL and the QLF interventions failed to change behaviour
because they do not alter cognitive or emotional responses to risk.
Unlike Shahab et al.,95 we, therefore, did not examine an interaction between the effects of intervention
group membership and self-efficacy on intention or risk-related variables. This is because self-efficacy was
measured after the intervention and thus cannot function as a moderating variable.
Although limited QLF clinical outcome was available, our sensitivity analysis in practice 2 (see Chapter 4,
Plaque coverage outcome data analysis for practice 2 only) showed a significant reduction in plaque in the
QLF arm. When compared with self-reports of toothbrushing behaviour however (see Chapter 4, Plaque
coverage and self-reported toothbrushing behaviour), we did not find an expected association; indicating
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that either the self-reported behaviour items are subject to recall bias and are not sensitive enough to pick
up true changes in behaviour or that the QLF measurement of plaque captures a different aspect of oral
health (relatively mature plaque).
It is interesting to note that Han et al.171 were only able to demonstrate a moderate correlation (r = 0.5;
p < 0.01) with two conventional plaque indices (Turesky-modified Quigley–Hein and the Silness–Löe Index),
collected by clinical assessment. This rather low correlation was attributed to the fact that the QLF-based
planimetric method used undisclosed plaque and only detected mature plaque using red autofluorescence,
as in our study.
There was some reduction in plaque coverage in the quantitative light-induced
fluorescence arm in practice 2
In the complete data set, on average approximately 3.5% of patients’ anterior teeth were covered with
red fluorescing dental plaque at baseline at a threshold of ΔR30, with a range of 2.4% to 4.3% for those
patients at follow-up visits, with no statistically significant overall effect of group allocation (p = 0.381) for
verbal, TL and QLF information. The degree of area of red fluorescent plaque coverage correlates well with
previous studies involving QLF technology,171 reporting a mean plaque to area coverage of 5.4% at a lower
threshold of ΔR20. Delta R (%) is the percentage increase of the ratio of the red and green component
with respect to that of sound tooth tissue. It is related to the presence of porphyrins and is indirectly
related to bacterial activity in and around the tooth.
Because 70% of the available data for plaque analysis came from practice 2, we did a separate analysis
using data from this practice only (see Table 20). We found a significant difference for the percentage of
plaque coverage at a threshold of ΔR30 between the verbal and QLF group, using a pairwise post hoc
analysis. Although there was a 31% reduction (from 4.2% at baseline to 2.9%) in the QLF group at
follow-up, which was based on an average of 3 weeks after the initial baseline visit, compared with the
verbal only group, which had 3.8% plaque coverage at follow-up, this represents an intervention effect of
about 24%. It is debatable whether or not this represents a clinically significant finding.
Patients and dentists do not generally talk about ‘risk’
Our qualitative work found that despite routine dental check-ups being a risk context, there is very little
explicit risk talk between dentists and patients. This held true even in the NHS’ new dental contract
practice context, in which a TL system was used. There was so little explicit risk talk across all appointments
that we concluded that risk is not part of the normal discourse between dental staff and patients. Instead,
we suggest that risk is part of a professional discourse, given its prominence in relevant policy and among
staff, rather than a clinical one.
In clinical encounters dental staff were seen to communicate risk messages implicitly, for example by
using metaphors. Although issues about the likelihood of developing adverse outcomes over time were
featured in dental appointments; dentists were often observed asking patients to offer explanations of
past behaviour to explain current symptoms, as well as evoking a threatening future should action not be
taken in the present. Conjuring fear about the future appears to be the way dentists try to make risk feel
more immediate and ‘real’ to their patients. In dentistry, patients may often present with asymptomatic
problems. As such, there is the possibility that a patient may reject a dentists’ diagnosis or delay treatments
if the risk is felt to be distant or unreal.
Face-threatening aspects of giving information on risk
A key issue about giving information on ‘risk’ is whether or not the information can be conveyed to
motivate just enough, while at the same time avoiding talk which offends, shames and disrupts the
relationship between the dentist and patient. This relates to what Goffman refers to as ‘face-work’.81
He proposes that in interactions people try to avoid situations that could lead to shame or embarrassment.
In other words, people use strategies to ‘save face’. As Linell et al.73 note, lifestyle issues are ‘threatening
to personal integrity and therefore interactionally sensitive’. There are several studies in a range of settings
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that show that health professionals often try and behave politely and civilly with patients, regardless of
their personal feelings.147 During interaction, these health professionals try and save patient’s feelings and
allow patients to do face-saving work, such as excuse, repair or apologise.161 This shows that professionals
would rather deliver messages in a less confrontational way or avoid them altogether rather than risk the
patient leaving after being offended. In interviews, dental staff acknowledged that talk about lifestyle
could be tricky, especially around smoking. Often dentists turned to delivering rehearsed statements about
smoking status and sugar intake to patients, which enabled them to tick the box without getting into
uncomfortable discussions. Dentists explained that if they gave general information about the risks to
everyone, then no one would feel targeted and offended; however, our findings show that what patients
really want is detailed, personal, verbal advice, which is a difficult balance to achieve.
Because of the broad categories used in TL categorisation, many patients reported that they expected to
be able to anticipate their risk category and, therefore, the information was only considered minimally
face-threatening (although, at the same time, it also generally generated ambivalent feelings). By contrast,
patients felt unable to anticipate the results of QLF images, were much more anxious about it and
considered it potentially more acutely face-threatening. Anxieties about having a photograph taken, then,
reflect uncertainty about the outcomes. Looking at the photograph itself can become less threatening
when the dentist gives detailed information about the patient’s health. Patients reported QLF photographs
as having the potential to add value to their dental experiences. Conversely, the biggest barrier from
dentists was this extra time.
Variation between practices in preferences and trial implementation
It is noticeable that the different practices were significant influences on the direction and strength of
preference, even after accounting for the other patient-level demographic variables. It is also interesting
that WTP was generally higher in practice 2, despite controlling for all factors in the regression analysis (see
Appendix 2, Table 30). The odds ratio for the preference of verbal information only was also especially high
in this practice (see Appendix 2, Table 27). This may reflect a different ethos at the practice influencing the
patients who attend it or, on the other hand, because patients who particularly value this information select
that practice. It is notable, however, that practice 2 also stands out as the practice with by far the highest
proportion of short-term follow-up images, with high numbers (89%) of people returning for follow up visits
(see Table 18). Practice 2 was an almost fully NHS practice working in a very deprived area (see Table 3).
The dental team in practice 2 was small compared with the others but included the principal dentist, unlike
practice 4, which was one of a number of practices within a group. Although it is possible that both the
successful way the trial was implemented and the degree to which patients valued information about their
oral health was down to the effective communication skills and clinical leadership demonstrated by the
principal dentist in the practice.
In some practices there was a particularly high turnover of staff, such as in practice 1 where a practice
manager, two dental nurses and three dentists left over the trial period. Although we undertook additional
trial training sessions to address this, it is possible that the staff turnover is a barometer of staff morale in
the practice, which may have had an impact on staff motivation to be involved in the study and adhere
fully to study protocols. Staff turnover may have also disrupted the forming of relationships between
patients and dentists, which in turn was associated with patients expressing a relatively low preference
for verbal information compared with the other practices.
The trial was funded as a pragmatic trial with researchers directed to recruit practices to the trial (by
invitation to participate) randomly selected from a list of NHS dental practices for the area. This meant that
our participating practices, although arguably relatively representative of NHS dental practices, were mostly
relatively inexperienced in participation in research (including clinical trials). This made issues, such as
optimising fidelity and retention, challenging.
Although strategies were put in place to strengthen the fidelity of the trial, the pragmatic nature of the
research added an element of difficulty in achieving this. The use of study protocols, crib sheets, step-by-step
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patient flow diagrams, training videos, standardised algorithms, group standardised training, regular site
visits and refresher training sessions were all attempts to increase fidelity levels within the trial. The use of
such measures is a recommended strategy that improves fidelity in studies;172 however, research suggests
that the higher the complexity of the study being implemented, the lower the levels of fidelity maintained.173
As this was a pragmatic trial being implemented in busy dental practices with clinical teams delivering the
intervention to patients, fidelity monitoring was difficult to achieve. We did not, for example, undertake
any observations as to the extent to which dentists complied with verbal advice covering the meaning of
the RAG categorisation and oral health behaviours as recommended by the dentist to address any issues.
Our findings indicate that practice-based effects may have been important in relation to information-giving
for patients because differences between practices appeared to transcend the sociodemographics of the
patient populations concerned. This is an important area in which further research is warranted.
Using quantitative light-induced fluorescence technology to measure clinical outcomes
was challenging
This was the first time that QLF technology had been used to measure clinical outcomes in a trial situated in
dental practices. During the initial pilot testing and training of staff in one of the dental practices selected
for the study, it became apparent that the QLF-D system was too complicated and time-consuming for
this setting. Consequently, the sophisticated QLF-D camera was replaced with a new, simplified clinical
diagnostic system called Q-Ray, which is lighter, easier to operate and easier to clean for cross-infection
control. We also introduced retractors to improve the quality of photographs. However, a proportion of
images were still lost from the data set because they were of poor quality (e.g. out of focus, upper teeth
covering lower arch, taken too far away from patient’s mouth, lower lip obscuring lower teeth, excessive
ambient light, lip retractor obscuring lower teeth), which added to the problems with retention caused by
patients’ lack of attendance at follow-up appointments.
Use of QLF images for caries analysis relied on the patient brushing their teeth after the first photograph to
remove any plaque covering the teeth, and then having a second image taken. This significantly added to
the complexity of implementing the trial in dental practice (patients had to go to a bathroom to brush their
teeth, then return), which meant that we were only able to get relatively few second photographs, even in
practice 2.
The cables linking the laptop computer and camera (see Figure 8) meant that the equipment was inconvenient
to use in the confined space of a dental practice. The equipment also proved to be unreliable at times, meaning
that additional support was required for practices (see Table 4) despite a troubleshooting guide being provided.
This added to the logistical issues needing to be addressed when implementing the trial. It is noticeable that in
practice 2, where the most complete QLF data were obtained, there were no requests for support to address
camera equipment failure. Given the already complex nature of the trial, equipment failure may have caused
some dental teams to become disillusioned with taking QLF photographs as part of the trial, contributing to
problems with missing data. Possibly both the very high turnover of staff in practice 1 alongside five requests
for support regarding camera failures contributed to a particularly low proportion (61%) of good-quality
baseline QLF images being taken in this practice.
Although data from practice 2, which adopted the technology most successfully, provided some interesting
findings with respect to changes in plaque coverage, further development of the technology is needed
before it can have wider application measuring clinical outcomes in primary dental care research.
Strengths and limitations
Generalisability of the population
The inclusion criteria involved adults with high/medium risk of poor oral health, with most of our recruitment
sites in very deprived areas. We would, therefore, expect the sociodemographics of our sample to reflect this.
The highest education attainment in our population sample (see Table 6) is slightly lower than national
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figures for the UK, with fewer people (31%) being educated to degree level or above (national figure is
38%).174 Table 16 summarises oral health behaviours at baseline and indicates that our participants were
generally from more disadvantaged backgrounds with generally less healthy behaviours than the UK
average. Baseline smoking prevalence (18%) for the sample was slightly higher in the study population than
the national prevalence rate of 16%.175 However, smoking prevalence in the regions from which the sample
was drawn is 20.3%, 17.6% and 17.9% (NE and NW of England).176 The 72% of participants reporting
twice-daily toothbrushing is also slightly lower than the 75% average for Great Britain.177
A total of 60% of our sample at baseline was made up of women, which is more than the national
average population figure of 51%.178 Therefore, this sample underrepresents men, and possibly reflects
other findings, such as that women are more likely to volunteer to take part in clinical research than
men.179 Other dental studies show an even higher proportion of female participants than in our study.180,181
Only 45% of participants who were randomised to receive the intervention completed follow-up data
collection at 6 months and even fewer (37%) were retained at visit 2 or 3; the short-term follow-up during
which clinical data, including QLF data, were collected can be seen in Table 6. That most of the participants
were those with high/medium risk of poor oral health will have contributed to problems with retention. The
trial did not include any monetary incentives for recruitment, although a prize draw was introduced in the
later stages in an attempt to boost retention at 6 and 12 months. A recent non-randomised study in six NHS
dental practices,102 which compared a new model involving a TL risk assessment of patients with other
practices using the previous model of dental practice care, retained only 291 out of 550 (53%) participants
recruited at baseline who attended follow-up appointments; this shows how challenging retention in this
type of study can be.
Loss to follow-up and other factors leading to missing data have implications when reporting results in
RCTs.182 This has implications because of possible bias that can limit generalisability and the internal validity
of results.183 Therefore, we undertook an attrition bias analysis (see Chapter 4, Attrition bias). This showed
that although there was no overall significant bias in sociodemographics, proportionally fewer participants
from low IMD areas and those with higher baseline sugar intake were retained at 6 and 12 months
(see Table 14).
Interpretation of willingness-to-pay data
Willingness to pay is a common technique for eliciting public valuations (i.e. preferences) when valuations
cannot be truly determined from consumer interactions (as might be possible in a perfect market) because
the ‘good’ in question is either free at the point of consumption or subsidised in either a state-funded or
private insurance-based system. The theoretical basis for contingent valuation is that preferences are
measured in terms of utility; wherein the greater someone’s preference, the greater the utility gained from
consuming the good. As utility cannot be measured directly, it is measured using a proxy in terms of what
would be sacrificed to gain this. In contingent valuation, the sacrifice is measured in monetary terms, such
that the more money someone is willing to sacrifice for something, the more utility they would gain from
consuming it. Interpreting the median WTP values (see Table 10) in this light shows that the utility gained
from verbal information only is double that of TL in this sample.
However, this is likely to be an oversimplification, as those who have more money available to them will,
in theory, gain less utility from each additional pound (diminishing marginal returns).184 Therefore, those
with more money will, in theory, give higher WTP values for the same utility level as someone with less
money. However, in this study it seems that income has little effect on WTP, as the three Tobit analyses
(see Table 11) show no effect of low or high income with the exception of high income for QLF, although
even for QLF the effect is weak. This may be because the income measure used here may not reflect the
amount of available income (personal disposable income would be a better measure, but is very difficult
for respondents to enumerate), or it may be that there are confounders hiding the effect of income that
were not included in the regression analyses.
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In addition to comparing the relative size of WTP across interventions, the absolute values are also useful,
but are more open to bias, as they will change depending on the representativeness of the sample drawn,
whereas this may be less of a problem for relative values. Typically, the absolute values are of most use in
undertaking a cost–benefit analysis in which the WTP represents the benefit from which the costs can
then be taken away to determine if there is a net social benefit for each intervention in turn, and also to
determine which intervention has the greatest net social benefit.185 In our study it became unnecessary
to undertake a formal cost–benefit analysis, as the cheapest option of current practice was the most
valued. The values obtained could be compared with the basic costs calculated in Chapter 4, Trial results:
micro-costings (in which case it would appear that all interventions give a net social benefit, with verbal
being highest), but this would be an oversimplification, as the time frames involved in the benefit and cost
side may not be the same and they have not been standardised through a full cost–benefit analysis.
Aside from the link between the ability to pay (income) and WTP, other criticisms have been levelled at WTP
in terms of its hypothetical nature and both its internal and external anchoring effects. An individual’s WTP
may be influenced either by the elicitation method or external cues, such as the price of similar goods.186
Looking at the hypothetical question, this study offered an interesting opportunity to investigate the
stability of WTP values when moving from a truly hypothetical scenario to actually having experienced the
intervention. The numbers were smaller for this aspect of the study, as each arm could only be investigated
separately, but what is common to all three arms is that there were a significant number of patients in each
of the three categories who increased valuations, decreased valuations and stayed the same. Although this
experiment is not the same as the much sought after comparisons of stated and revealed preference (i.e. a
WTP survey followed by an actual request for real payment), it does bear some similarities to this and the
results match those of the only comparison of stated and revealed preference in dentistry;187 wherein
individuals were found who increased, decreased and remained constant in terms of valuations to payments.
Those who changed their valuations may have done so for at least three different reasons. First, the scenario
may not have been sufficiently detailed to allow individuals to value the intervention properly; second, the
actual delivery of the intervention may not have matched the intervention described (i.e. a perfect example
of the intervention is described, but the reality may not be a perfect delivery of the intervention); and third,
the instrument used may not be sufficiently reliable in determining values. Without further investigation, it is
difficult to know which of these is true.
Turning next to anchoring effects introduced as a result of the method, this study used a bidding method
most likely to introduce the fewest problems in this respect.117,119 The starting value and the range of
values asked about are the two biggest potential internal influences on values, and the shuffled payment
card method employed here means that many different starting values are used across the sample, and
also that participants are unaware of the range of values until the end of the exercise. In terms of external
anchoring effects, perhaps the key similar ‘good’ would be the out-of-pocket price (£X) of a NHS check-up
in England at the time of the study. Although the determination of risk and communicating it is only one
item that is included within the check-up fee, it is noticeable that the values do cluster around this figure
and so the influence of this as an anchor for values cannot be excluded.
Finally, it is useful to explore the treatment of zero values in some more detail. Early WTP studies made
the assumption that all respondents would place some value on any good. However, this was later
agreed to be unlikely, as some people may not value a good at all (i.e. they would gain no utility) and so
zero responses became acceptable. Once zero responses were allowed, it became apparent that some
responders, although they did value the good, did not wish to engage with the WTP exercise as a way of
eliciting this value and so gave it a zero value. To use this zero value in analysis would not be correct,
as it is simply the case that the survey has been unable to reveal the actual value that the responder places on
the goods. The accepted response to this problem has been to ask the zero responders follow-up questions
to differentiate true zeros from protest zeros; follow-up questions (for those with zero valuations) with various
sets of multiple choice responses have been used.188 This is the approach adopted in this study, with the
follow-up question based on that of Ryan et al.119 However, there has been little testing of this approach to
differentiating zero responses and concerns have also been raised that certain demographic sections may be
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more likely to protest, leading to a sample selection bias.189 The aim of this study was not to improve the
differentiation of protests or to validate the questions used for this; without the possibility of interviewing
each respondent, a task not possible within the limitations of resource for this study, best practice was
followed. In terms of potential sample selection bias, it appears that the protestors and
non-protestors were very similar and so is not a great concern for this study.
Use of quantitative light-induced fluorescence technology to measure clinical outcomes
Dental plaque indices have been used by clinicians for decades to provide information regarding the presence
of plaque surface coverage and thickness, with or without the use of disclosing agents or dyes.190–193 There
are strong correlations between plaque index scores and gingival inflammation at group, individual and
tooth-surface level.194,195 These methods have a degree of subjectivity, require extensive training and examiner
calibration in order to reach an acceptable level of reliability. There has also been criticism of the use of
plaque indices relating, in particular, to their resolution, for example with the Quigley–Hein plaque index:
it can be possible for the plaque level on the tooth to decrease by 50% but be scored at the same level.70
Because of the limitations of the traditional indices, planimetric methods have also been developed.
Planimetric analysis of plaque is a technique that uses photographic images and can utilise a plaque per
cent index.196
In recent years, particularly with the availability of digital imaging technology, planimetric methods have been
developed to provide faster, more objective and more sensitive measurements of plaque accumulation.197
The early planimetric methods that used the plaque per cent index also required the use of disclosing agents
or dyes prior to photographing the tooth surfaces and analysing the images by computer. This permitted
greater resolution in plaque quantification and gave more reliability,198 greater objectivity,197,199 greater
sensitivity197,198 and better precision than traditional plaque indices.199 A finding, initially reported by Amaechi
and Higham200 when they were investigating optimal conditions for the use of QLF, noted that heavy plaque
deposits on teeth fluoresced red or orange. This has since been developed to allow the detection and
quantification of mature dental plaque on teeth with the use of disclosing agents to measure total plaque
presence,70 or with a non-disclosing approach wherein only mature dental plaque is detected due to red
fluorescence under the lighting conditions used to illuminate the dental plaque.171,201
It has been reported that around two-thirds of red fluorescent dental plaque is located at the gingival area
in the so-called stagnation sites where plaque is initially formed.201 Although studies show that plaque is
formed fairly symmetrically, the buccal (the lip side) of upper incisor teeth is likely to accumulate the least
plaque and the cheek side of lower (buccal mandibular) molars, as well as the tongue side of the lower
premolar region (lingual mandibular), is likely to accumulate the most.202 However, the lip (labial) side of
lower incisors tends to accumulate almost as much plaque as the lower molars.202 Consequently, many
researchers use buccal plaque as a measure of plaque control (e.g. Needleman et al.203).
We limited our QLF images to buccal views taken of anterior teeth and, although correlated with overall
plaque levels in the mouth, this may have underestimated the extent of plaque in some areas of the mouth
more prone to accumulation. It is possible to take QLF images of the lingual/palatal side of teeth and images
of teeth further back in the mouth, but this would have required the use of mirrors and additional time and
expertise in a trial that was already quite complex. The pilot work indicated that the dental teams would
find the taking of QLF images challenging and relatively time-consuming and this led to the decision to
reduce the number of QLF images taken for the purposes of measuring clinical outcomes.
Likewise, QLF technology provided an alternative to clinical epidemiological examinations to measure the
prevalence of caries. With the naked eye it would be difficult to detect mineral loss in this time because
decay has to be fairly well advanced (at least 15% of mineral lost) before it can be seen by eye, usually as
a white spot on the tooth. QLF extends detection of tooth mineral loss from 15% down to 0%. Brochner
et al.,204 using QLF, show significant regression of white spot lesions within 4 weeks in orthodontic patients
after preventative care. Many other studies report similar findings.
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Sensitivity, in this context, is the ability to correctly identify the presence of carious disease (true positive),
whereas specificity is the ability of QLF to correctly identify those without the disease (true negative).
Studies put QLF sensitivity as ranging between 0.62 and 0.74 and specificity as ranging from 0.86 to
1.0.205–207 Thus, QLF has a higher specificity than sensitivity (i.e. it is better able to identify teeth without
carious disease). Sensitivity is lower because QLF cannot differentiate between caries and other reasons for
mineral loss, such as fluorosis. Other factors (e.g. extrinsic and intrinsic staining) and developmental defects
(e.g. hypomineralisation), can also give a similar appearance to caries on fluorescent images.208,209 During in
vitro studies such confounding factors can be avoided by carefully selecting the teeth to be used in the
study; however, in the uncontrolled world of a pragmatic trial (e.g. this study), these confounding factors
may have had an impact on the sensitivity of the QLF caries diagnosis and should be recognised as a
study limitation.
A further limitation in the use of QLF in a study to measure caries incidence is caused by a pragmatic
decision to limit QLF photographs to anterior buccal views only. Although a more in-depth data collection
could have involved taking photographs of the occlusal (biting) and lingual/palatal (the tongue/palate side
of teeth) surfaces, we did not ask the dental teams to take these additional images. We were conscious
that this would have been overly demanding in the busy world of an NHS dental practice. Because the
teeth most susceptible to dental caries are the occlusal fissures of the first molars (along with pits on
buccal surfaces),210 it is likely that by limiting QLF images for caries diagnosis to anterior buccal views only
would have tended to underestimate participants’ caries incidence.
Use of the basic periodontal examination score as a secondary outcome measure
A periodontal index would have been the best indicator of improved periodontal health for patients.
However, our study was not intended to be a Phase III clinical trial, and the primary outcome was not a
clinical measure of periodontal disease. It was difficult to justify the costs and complication of using clinical
examiners to assess any improvements in clinical outcomes using conventional epidemiological approaches.
Given that a BPE is familiar to dental practitioners and is a routine part of their practice (> 91% of dentists
use a BPE with new patients),211 we took a pragmatic approach and used the change in BPE scores to
indicate improvement in periodontal health and recognising its deficiencies as a clinical outcome measure.
Because dental practitioners were required to record a periodontal score at both baseline and follow-up
visits (up to 3 months post intervention), we felt that asking practitioners to undertake a full periodontal
outcome measurement may have resulted in too much missing data, hence our reliance on BPE score data.
However, we acknowledge that BPE scores may be insufficiently sensitive to detect changes in periodontal
health over a few weeks because of BPE’s sextant scoring methods.
On the other hand, although we acknowledge that BPE scores are relatively crude in an epidemiological
sense, because recording BPE score is mandatory for dental practices working under the new NHS dental
contract pilot arrangements it does have its benefits as a pragmatic measurement for which there is some
precedent. A BPE has been used previously as an indicator of oral health outcomes when evaluating the new
NHS dental contract arrangements.212 That and a comparison of change in BPE scores between the oral health
assessment appointment and the oral health review appointment, aligned with other indicators, gave us some
confidence to think that BPE score may have potential as a useful indicator of change in oral health.212
Like the NHS Dental Contract Pilots: Learning After First Two Years of Piloting212 evaluation work, we also
did not include a calibration of BPE score measurement as part of our study training. This was decided
because it proved difficult for teams to set aside time for dental team research training, given that their
main priority was delivering their NHS contractual targets, even though financial reimbursement for
research training was available. Training sessions with dental teams were often undertaken during the
lunch hour, which meant that other aspects of training needed to be prioritised. Although in the national
study the number of practitioners involved may have mitigated the impact of interexaminer variability,
we acknowledge that using BPE measurements as a pragmatic tool, without prior training and calibration
in just four dental practices, is a limitation. Nevertheless, the RCT design, based on individual patient
randomisation, means that measurement bias would have been equally distributed between all three arms.
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Qualitative work
There are very few qualitative studies that have looked at interactions in the dental setting,125,128 and none
that have looked at the area of risk communication. Although our study provided a wealth of material,
with over 368 observations of dental appointments, together with interviews of staff and patients, data
were collected in just five dental practices. Although this provides a more ‘real-life’ portrayal of practice
because those observed are more likely to forget that they are being observed, it means that it is possible
that other practices, clinicians and patients elsewhere may behave differently.
We included a fifth dental practice in the qualitative work that was part of the new contract prototype
practice model being tested, to ensure that when considering ‘risk communication’ environments were not
significantly different in practices using the future model of dental contracting. Although data were only
collected in one such practice and, therefore, may not be widely generalisable to other practices, it was
important to identify that ‘risk talk’ was still very limited under the new dental contract arrangements.
It should also be noted that in setting up the study, we encouraged dentists to deliver oral health advice
and risk information to patients in the review part of the appointment, after the check-up, to ensure that
there is space for discussion. In usual practice, as reflected in the ethnographic work (see Chapter 5), given
fewer prompts as part of the study (even the verbal arm had a check-list card of advice topics), there may
have been even fewer attempts by dentists to deliver messages on oral health risk to patients.
Implications for practice
Implications for NHS dental practice
1. Everyday practice of risk communication in NHS dental practice is very far from what is recommended
in guidelines.
2. Given that NHS dental guidance documents suggest that patients should be given personalised
information on their oral health in order to ‘understand their own oral health status and how and what
they as an individual can do to improve and maintain it’103 we would expect to see more discussions
about oral health risk during check-ups (see Chapter 1, Risk communication). The supposition in the
literature, identified at the outset of the study, that ‘risk communication should form part of every
patient interaction’39 seems very far from the reality we observed in NHS dental practice. The infrequency
of discussions of patients’ oral health status supports the criticism that too little preventative work goes
on in existing practice under the current NHS UDA dental contract.152
Implications for the new NHS dental contract
1. Even in NHS dental practices using a TL remuneration model built on a ‘risk’ concept, overt
conversations about risk are infrequent.
2. Among the six discussions of patients’ oral health risk status during the observations, all of these
occurred in the practice taking part in the Department of Health and Social Care pilot/prototype
contracts that prioritise delivering risk information on oral health. Although on the one hand this is
welcomed, given that there were 105 appointments observed in this prototype practice (see Chapter 5,
Systematic review results), it is still a disappointing outcome.
3. This may be because, as revealed in our qualitative work, dental staff and patients experience a degree
of discomfort when risk-related discussions take place during clinical practice. Even to the degree that
it could be concluded that very little actual ‘risk work’ takes place in dental practices and that ‘risk
discourse’ remains something that mainly occurs only at policy level (see Patients and dentists do not
generally talk about risk). Because verbal information is so highly valued by patients from a wide range
of backgrounds, our work suggests that there is a need to support staff and develop skills in dental
practice teams on how best to handle these difficult conversations.
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4. Therefore, in tandem with changes in the organisational structure aimed at incentivising the dental
team to place a higher priority on preventative work, including conversations with patients about how
to look after their own oral health, support for staff that addresses the ‘how to’ aspects of holding
these potentially challenging conversations may be needed, especially because dentists deal with
patients both as paying customers and as people to whom they provide health care (with associated
professional responsibility).
Implications for the new NHS dental contract model: risks and benefits of a model
involving traffic light information
1. In the qualitative work, we identified that oral health risk portrayed as TL categories may have more
appeal to patients as a means to measure progress over time and reinforce improvements where there
has been change. However, there are constraints within the TL algorithm which mean that, for example,
some patients who have health problems are unlikely to move out of the amber category, which would
be disheartening. As research in other health fields has found, a lack of change in risk status may be
disheartening to patients who have been making a concerted effort to improve their health.213
2. Another potential problem with giving information in the TL system is that it offers high sensitivity but
low specificity. Patients are sorted into three broad categories, which means that TL could become
another form of standardised information giving. As was demonstrated earlier, advice may be reduced
to ‘you are red’, which does not offer personalised information in a way that patients can address.
That our study has found that patients prefer this form of information less than the usual verbal
communication with the dentist indicates that a potential adverse consequence of the new NHS dental
contract is that the system built on a TL algorithm makes for less detailed personalised discussions of
patients’ oral health and what they can do to improve their health.
3. Providing a simplified, ‘heuristic’ method to convey complex information regarding oral health risk in
the form of TL symbolism was not found to appeal to patients or to be useful in prompting behaviour
change, as hypothesised at the outset of the study (see Chapter 1, Risk presentation format and
information visualisation). It is, however, interesting to note that whereas practice-based effects were
identified as influencing patients’ preferences for verbal and QLF information, no practice-based
influence on preference was seen for the TL information method (see Chapter 4, Preference for form
used to communicate information on risk). It is possible, therefore, that although TL information does
not appeal to patients, it does represent a standardised message that could dilute different degrees of
skills in verbal communication with patients at a practice level.
Implications for NHS dental practice: patients’ preferences for information
1. Patients’ preferences for information cannot be widely predicted based only on socioeconomic
stereotypes because practice effects may supersede this.
2. An interesting finding from the trial was that the practice the patient attended influenced their
preferred method of information delivery over and above a range of other factors (e.g. income, IMD,
literacy). Thus, rather than categorising patients into groups that we think may prefer certain types of
information, our work suggests that there is a need to focus on improving the quality of the way
information is delivered to patients, especially in terms of giving personalised advice to patients verbally.
There is also a particular need to consider how this could be improved at a dental practice level.
Furthermore, the work does not provide any evidence to support social marketing approaches, which
segment the population along the lines of various psychographic and sociodemographic characteristics
(see Chapter 1, Tailoring of risk information), because our study showed that people’s preferences for
information appear to transcend the stereotypical sociodemographic characteristics that might have
been expected to predict their preferences.
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Implications outside dentistry: alternative, innovative forms of giving information
1. Even if alternative, innovative forms of giving information are available, supporting verbal information is
still important.
2. Our study found small differences in reported sugar consumption in drinks and toothbrushing duration
after 12 months, these results can be seen as a consequence of dental visiting or may be a cohort effect.
No such differences were seen between the three arms providing risk information in different ways,
which reiterates our findings from the systematic review that although tools to communicate risk are
increasingly available, the way in which clinical communication is conducted during the appointment is
still critical to whether or not there is to be any change in behaviour. The fact that patients expressed a
clear preference for verbal information over either TL or QLF is indicative of the importance that patients
place on the conversations that they have with the dental team about their oral health.
3. Very little previous research has been conducted on how risk is acted on and communicated in routine
clinical practice,1 and in particular how newer technology, such as tailored web-based interventions,
scans and radiographs, has an impact on the way in which this communication might be conducted
(with possible differential impacts of newer information forms). Our study has implications for practice
in health sectors beyond dentistry. We conclude that even though new technology may offer highly
personalised, very visual methods of conveying information to patients, this is probably only of benefit
if it is supported with an explanation of the personal meaning behind the information conveyed.
Financial implications for NHS dentistry
1. In general, given that patients find more time and information from their dentists as most important,
and that time is critical to allow dentists to deliver risk work, it may be that adding alternative ways of
communicating risk is premature. Prior to introducing new methods there needs to be adequate time
and support for dentists and patients to have risk-related discussions. This has resource implications
for the NHS. Although patients from all walks of life clearly value very highly having personalised
information about their oral health, routine practice appears only to involve very brief interactions.
Expanding this by using techniques, such as Brief Negotiated Interviewing, has time and, therefore,
cost implications for the NHS.
2. On the other hand, in the course of our qualitative work we found a wide variety in the communication
skills of dentists, indicating that irrespective of the time available, the opportunity for risk talk during
check-ups could be better used in some cases. Observing how hygiene-therapists interpreted BPE scores for
patients during check-ups is a case in point. We also found that some dentists observed were particularly
adept at being personable with patients in a very short period of time, whereas others appeared to view
patient communication as a low-value aspect of their job that they would like to minimise:
I think it’s totally personal. There are some dentists who are fabulous communicators who naturally
empathise with people and are just able to communicate. There are others who struggle. And I do, I
don’t know if it’s something they should be taught at med [medical]school or whether it’s something
that you have either got or you haven’t got. But you can see which of our dentists has the gift of the
gab and those that don’t, both on a private income scale and their success rate with patient buy-in.
Interview with practice manager, practice 5
3. Given the overall conclusion that verbal information is most preferred and cheapest, it seems that this
would appear to be the best method for NHS dentistry. However, there may be some questions about
the need to provide risk information at all if it has such a limited effect on behaviour change, as indicated
in this study. On the other hand, there are moral and ethical arguments that the patient has a right to
this information and that this service should continue to be provided. Weighing up the unpredictability of
preferred methods of communication (and the subsequent argument that all forms should be offered)
against the limited clinical benefit leads to a more difficult question of whether or not the extra
investment to provide additional means of supporting verbal communication is necessary in order to fulfil
a moral obligation.
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Future research agenda
To our knowledge, this is one of the largest observational studies of the giving of information on risk to
NHS dental patients, although we recognise that the sample of practices involved was relatively small.
Future research is needed to look at routine practice in other dental practices, especially those piloting the
new dental contract prototypes, as well as in health care more generally. For example:
1. More work is needed on how risk is acted on and communicated in other health-care settings outside
dentistry – is explicit risk talk as absent in other health and care settings?
2. Given that preventative dentistry, which includes a wide range of health behaviour advice, is
recommended as best practice for NHS dentistry,151 it is remarkable how little research has been
undertaken to test the ways in which preventative advice can be improved within the confines of the
NHS dental check-up appointment.170,214 Thus, more research on cost-effective ways to deliver advice to
patients about their oral health during check-ups is needed.
3. The ‘how to’ of delivering risk information to patients in an environment where they are both paying
customers and receivers of health care is particularly challenging. Although communication skills
training is routinely undertaken as part of undergraduate dental, hygiene and therapy programmes,
specific training about how to handle these potentially challenging conversations within the time
constraints of NHS dental practice is mostly missing. Research concerned with how best to prepare
dental students to engage in risk talk with patients, how to do this confidently and effectively, and the
role of other tools, such as option grids, that have been advocated as part of shared decision-making in
this process, is needed.
4. Leading on from our qualitative work, dentists appear to refrain from using uncertainty in discussions.
Why is this and how might their interactions with patients change if they were more able/willing to
convey uncertainty?
5. This study also indicates where some further research on methodological issues is needed. Having
found that the sample, on average, gave a higher WTP value for verbal than verbal plus TL prompts
questions as to why a larger ‘basket of goods’ would produce less utility. This is an area of interest both
in terms of understanding risk information preferences but also of how WTP methodology works,
which would benefit from further exploration (probably using qualitative methods).
6. In terms of WTP methodology, a key area that emerged as needing further research is the differentiation
of protest zeros, as discussed in Chapter 7, Interpretation of willingness-to-pay data. In particular,
validation of published follow-up questions used when zero values are given should be undertaken.
7. The lack of association between plaque coverage measured with QLF technology and responses to
behaviour-change questions raises questions about the extent to which reported behaviour measures
can capture meaningful clinical outcomes for patients. In this regard, a validity trial of QLF plaque
coverage measurements against clinical indices and self-reported behaviour would be useful.
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Appendix 1 Systematic review methods detail
TABLE 24 Table of electronic databases and journals searched
MEDLINE (via Ovid MEDLINE and MEDLINE In-Process & Other Non-Indexed Citations)
Web of Science: Social Sciences Citation Index
Web of Science: Conference Proceedings Citation Index – Social Science & Humanities
PsycINFO
PsycArticle
Communication & Mass Media Complete
ProQuest Dissertations & Theses
The Cochrane Library – Cochrane Reviews (reviews and protocols)
OpenGrey
Health Informatics Journal
Patient Preference and Adherence
Patient Education and Counselling
Health Communication
Journal of the American Medical Informatics Association
Preventive Medicine
Journal of Health Communication
BMC Medical Informatics and Decision Making
TABLE 25 Electronic search strategy (MEDLINE example)
Strategy Example searches Results
1 (Health care information OR Health care instruction OR Health communication OR Health
information OR Health instruction OR Health message OR Health risk OR Health risk communication
OR Health risk information OR Health risk message OR Health risk status OR Health status OR Health
threat OR Health-related information OR Medical information OR Patient information OR Personal
health information OR Personal health record OR Personalized risk feedback OR Risk communication
OR Risk communication OR Risk consultation OR Risk factor information OR Risk feedback OR Risk
information OR Risk presentation OR Risk Status OR Risk-relevant information).ti,ab.
76,612
2 (Alternative method OR Bar graph format OR Cell phone OR Coloured traffic light symbol OR
Communication mode OR Communication preference OR Communication tool OR Computer
presentation OR Computer tailored OR Computer-based OR Computer-based information OR
Descriptive feedback OR E-health OR e-health acceptance OR e-health application OR e-health
communication OR e-health technology OR Electronic communication OR Electronic medium OR e-mail
communication OR Graphic datum OR Graphic format OR Graphic format preference OR Graphical
display OR Graphical format OR Graphical formats OR Graphical presentation OR Graphical risk
communication format OR Health information preference OR Health Information technology OR
Information format OR Information leaflet OR Information presentation OR Information system OR
Information technology OR Information visualisation OR Information visualization OR Information
visualization tool OR Information visualisation tool OR information-seeking preference OR In-person
communication OR Interactive information OR Letter OR Mobile device OR Mobile phone OR Numeric
information OR Numeric risk information OR Numerical risk information OR Numerical risk presentation
105,395
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Inclusion and exclusion criteria
Inclusion
i. Personalised (tailored) information given to patients that is reliant on a pre-assessment of the patient,
rather than information that is targeted according to population characteristics, such as age and
gender.
ii. Studies concerned with information aimed at increasing patients’ perception of health risk. These
include studies involving tailored information about an individual’s level of health with reference to
likely negative consequences, as well as those involving risk terminology or health outcome probabilities.
iii. Studies reporting delivery of information in a certain form (e.g. written, video, online, photographic)
versus no intervention/usual care controls, or comparing information in different forms. In the control
group, ‘usual care’ information may or may not be tailored. Studies involving multicomponent
interventions that had control group components, such as motivational interviewing, or education that
was also part of the intervention group, were included.
iv. Outcome measures including one or more behaviour mediators, including risk perception, health
behaviour and health outcomes.
v. Adults aged ≥ 18 years.
vi. Patients receiving information as part of their care.
vii. Any health system.
viii. English language only.
ix. Dated 1980 to present time.
x. All types of study design, including qualitative studies and protocols.
Exclusion
i. Studies concerned with giving information in a verbal form compared with a control.
ii. Outcomes concerned with decision-making in relation to treatment options only.
TABLE 25 Electronic search strategy (MEDLINE example) (continued )
Strategy Example searches Results
OR Paper-based OR Patient preference OR Pictorial display OR Preferred communication OR Presentation
format OR Presentation method OR Print communication OR Printed health OR Risk communication
format OR Risk communication tool OR Risk displays OR Risk graph OR Risk presentation format OR
Spoken health instruction OR Spoken instruction OR Tailored message OR Telephone communication
OR UV photo OR UV photography OR Verbal information OR Verbal risk communication OR Verbal risk
information OR Video information format OR Visual image OR Visual message OR Visual representation
OR Visual risk communication OR Visual risk feedback OR Visualization tool OR Visualisation tool OR
Cellular phone OR Cellular device OR communication method OR communication methods).ti,ab.
3 1 AND 2 5101
4 Limit 3 to English language, humans and 1980 to current time 3343
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Appendix 2 Additional tables
TABLE 26 Costings for consumables and capital items for QLF information
Item Total costs
Cost per
patient (£) Source
Printing of
photograph in
QLF arm
Cartridges, £20 each
Three cartridges needed for colour printing;
300 pages of 18 stickers per cartridge
0.01 Catalogue prices
Assumption
Details on cartridge packaging
Stickers for
printing
photograph
£10 for 1200 labels 0.01 Catalogue prices
Camera £4500 per camera with 10 years of life
Average dentist provides 2000 check-ups
per year
0.24 Price to obtain a camera for the study
PSSRU approach118
NHS Digital information117
Printer £73.09 per printer with 10 years of life
Average dentist provides 2000 check-ups
per year
0.01 Price to obtain a printer for the study
PSSRU approach118
NHS Digital information117
Retractors £61.88 per unit with 2 years of life
Average dentist provides 2000 check-ups
per year
0.02 Price to obtain a pair of retractors for study
PSSRU approach118
NHS Digital information117
TABLE 27 Logistic regression to explain highest preference for verbal information (independent variable was
positive if an individual chose verbal information as their highest-ranked preference)
Characteristics OR SE z p> z 95% CI
Deprivation (IMD)
High 1.14 0.349 0.44 0.658 0.63 to 2.08
Medium Reference
Low 1.11 0.303 0.40 0.691 0.65 to 1.90
Income (£)
High (≥ £31,201) 0.89 0.249 –0.41 0.682 0.52 to 1.54
Medium (£15,601–31,200) Reference
Low (£0–15,600) 0.87 0.247 –0.49 0.625 0.50 to 1.52
continued
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TABLE 27 Logistic regression to explain highest preference for verbal information (independent variable was
positive if an individual chose verbal information as their highest-ranked preference) (continued )
Characteristics OR SE z p> z 95% CI
Gender
Female 0.86 0.206 –0.61 0.542 0.54 to 1.38
Male Reference
Education
High (degree or more) 0.86 0.275 –0.48 0.631 0.46 to 1.61
Medium (A level) Reference
Low (GCSE or less) 1.48 0.439 1.33 0.183 0.83 to 2.65
Age
Young (18–35 years) 0.53 0.154 –2.18 0.029 0.30 to 0.94
Middle (36–64 years) Reference
Old (≥ 65 years) 1.79 0.593 1.76 0.079 0.93 to 3.43
Number of teeth
< 20 1.35 0.428 0.94 0.348 0.72 to 2.51
≥ 20 Reference
Dental attendance (by number of check-up appointments attended over the previous 5 years)
Infrequent attender 1.27 0.378 0.80 0.425 0.71 to 2.27
Normal attender Reference
Literacy (REALM-R)
Low 0.88 0.412 –0.27 0.789 0.35 to 2.20
Normal/high Reference
Practice
1 2.45 0.854 2.57 0.010 1.24 to 4.85
2 4.20 1.439 4.19 0.000 2.15 to 8.22
3 3.13 1.107 3.23 0.001 1.57 to 6.26
4 Reference
Constant 0.181 –2.02 0.043 0.17 to 0.97
A level, Advanced level; CI, confidence interval; GCSE, General Certificate of Secondary Education; OR, odds ratio;
SE, standard error.
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TABLE 28 Logistic regression to explain highest preference for TL information (independent variable was positive if
individual chose TL information as their highest-ranked preference)
Characteristics OR SE z p> z 95% CI
Deprivation (IMD)
High 1.65 0.700 1.18 0.239 0.72 to 3.79
Medium Reference
Low 1.23 0.468 0.55 0.579 0.59 to 2.59
Income (£)
High (≥ £31,201) 0.63 0.253 –1.15 0.251 0.29 to 1.38
Medium (£15,601–31,200) Reference
Low (£0–15,600) 1.21 0.436 0.53 0.594 0.60 to 2.45
Gender
Female 1.48 0.500 1.16 0.246 0.76 to 2.87
Male Reference
Education
High (degree or more) 0.83 0.353 –0.44 0.659 0.36 to 1.91
Medium (A level) Reference
Low (GCSE or less) 0.71 0.283 –0.87 0.384 0.32 to 1.55
Age
Young (18–35 years 1.19 0.445 0.47 0.640 0.57 to 2.48
Middle (36–64 years) Reference
Old (≥ 65 years) 0.95 0.445 –0.11 0.914 0.38 to 2.38
Number of teeth
≤ 20 0.65 0.306 –0.91 0.362 0.26 to 1.63
≥ 20 Reference
Dental attendance (by number of check-up appointments attended over the previous 5 years)
Infrequent attender 1.51 0.556 1.13 0.260 0.74 to 3.11
Normal attender Reference
Literacy (REALM-R)
Low 1.39 0.846 0.54 0.586 0.42 to 4.58
Normal/high Reference
Practice
1 1.12 0.503 0.25 0.805 0.46 to 2.70
2 0.52 0.253 –1.35 0.179 0.20 to 1.35
3 0.94 0.426 –0.14 0.887 0.38 to 2.29
4 Reference
Constant 0.14 0.085 –3.25 0.001 0.04 to 0.46
A level, Advanced level; CI, confidence interval; GCSE, General Certificate of Secondary Education; OR, odds ratio;
SE, standard error.
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TABLE 29 Logistic regression to explain highest preference for QLF (independent variable was positive if individual
chose QLF information as their highest-ranked preference)
Characteristics OR SE z P> z 95% CI
Deprivation (IMD)
High 0.66 0.212 –1.29 0.196 0.35 to 1.24
Medium Reference
Low 0.80 0.223 –0.81 0.418 0.46 to 1.38
Income (£)
High (≥ £31,201) 1.46 0.422 1.30 0.194 0.83 to 2.57
Medium (£15,601–31,200) Reference
Low (£0–15,600) 1.05 0.312 0.18 0.861 0.59 to 1.88
Gender
Female 0.93 0.231 –0.30 0.764 0.57 to 1.51
Male Reference
Education
High (degree or more) 1.26 0.415 0.70 0.484 0.66 to 2.40
Medium (A level) Reference
Low (GCSE or less) 0.80 0.250 –0.73 0.466 0.43 to 1.47
Age
Young (18–35 years 1.69 0.493 1.81 0.071 0.96 to 3.00
Middle (36–64 years) Reference
Old (≥ 65 years) 0.50 0.192 –1.80 0.072 0.24 to 1.06
Number of teeth
≤ 20 0.89 0.310 –0.32 0.746 0.45 to 1.76
≥ 20 Reference
Dental attendance (by number of check-up appointments attended over the previous 5 years)
Infrequent attender 0.60 0.187 –1.63 0.102 0.33 to 1.11
Normal attender Reference
Literacy (REALM-R)
Low 0.94 0.469 –0.12 0.901 0.35 to 2.50
Normal/high Reference
Practice
1 0.40 0.140 –2.63 0.009 0.20 to 0.79
2 0.32 0.110 –3.33 0.001 0.16 to 0.63
3 0.34 0.121 –3.02 0.002 0.17 to 0.68
4 Reference
Constant 0.611 0.71 0.475 0.57 to 3.28
A level, Advanced level; CI, confidence interval, GCSE, General Certificate of Secondary Education; OR, odds ratio;
SE, standard error.
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TABLE 31 Means and SDs of EPPM variables for the full sample and intervention groups
EPPM components n Full sample, mean (SD) Verbal, mean (SD) TL, mean (SD) QLF, mean (SD)
Intention 392 4.76 (0.51) 4.76 (0.57) 4.73 (0.50) 4.80 (0.46)
Susceptibility 392 4.17 (0.66) 4.21 (0.67) 4.17 (0.67) 4.13 (0.65)
Severity 392 3.91 (0.99) 4.01 (0.97) 3.77 (1.10) 3.90 (0.91)
Feelings 392 4.26 (0.68) 4.26 (0.73) 4.30 (0.65) 4.17 (0.65)
Self-efficacy 379 4.47 (0.56) 4.49 (0.53) 4.47 (0.51) 4.46 (0.63)
Response efficacy 385 4.48 (0.63) 4.53 (0.61) 4.46 (0.60) 4.45 (0.68)
Fear control processes 392 1.62 (0.83) 1.64 (0.90) 1.63 (0.80) 1.61 (0.79)
Note
Figures are item means.
TABLE 32 Demographic characteristics of dental professional interview participants
Practice Current position Gender Age (years)
Length of time since
qualification (years)
Length of time in
current post (years)
3 Dental nurse Female 50–59 > 25 12
3 Dentist Male 40–49 15 5
3 Dentist in VT Female 30–39 1 1
3 Dental HT Female 20–29 2 2
4 Practice manager Female 30–39 16 16
4 Receptionist Female 50–59 > 25 > 25
4 Dental nurse Female 30–39 8 1
4 Dentist Female 30–39 3 2
4 Dentist Male 40–49 22 10
2 Dentist Female 30–39 17 15
2 Dental HT Female 30–39 17 10
2 Receptionist Female 50–59 > 25 > 25
5 Practice manager No details given to preserve anonymity because a prototype practice might be more
identifiable
5 Dentist
5 Dentist
5 Prevention nurse
Note
Because of staff turnover in practice 1, no staff were interviewed (a practice manager, two dental nurses and three dentists
left the practice over the trial period).
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Appendix 3 Interview topic guides and
observation coding sheet
1) Interviews with patients
• Can you please tell me your story of your experiences as a patient in dental practices? 
I am interested in all the events and experiences which were important for you
personally
• Can you tell me about what makes a good dental experience? 
• Can you tell me about what makes a bad dental experience? 
Current experiences at the dentist
• Can you tell me about the discussion you had with the dentist about your oral health? 
• Did he/she raise issues which you’d thought about before? 
• Do you feel you receive the right amount of information in your dental appointments 
at the moment? 
• Are there topics you feel should or should not be raised by dentists? 
• Are there any ways in which the dentists could give you better information?
Views on traffic light system [show patient traffic-light cards]
• What do you make of rating risk by Red, Amber, Green categories? 
• Does it make sense to you?
• Is it better or worse than just a general discussion with the dentist?
• What would it mean to you to be ‘high/ low risk’ of dental disease?  Is it important to
you? 
• How would you classify yourself? Why?
• Do you think it would prompt you to improve the way you care for your teeth?
Views on QLF photographs [show patient example photographs] 
• What about having a photograph of your mouth like this where areas of risk are 
highlighted – would you like to receive a photograph like this? 
• What would you do with it? 
• Would you like it on your mobile phone or computer, or a printed copy?
• Is it better or worse than just a general discussion with the dentist or having a traffic 
light score? 
• What do you think about when you look at a photograph like this? 
• Do you think it would help prompt you to improve the way you care for your teeth?
Any other issues
• Are there any other issues that you think are important for us to know? 
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• Can you please tell me the story of your experiences as both a patient and as a 
member of the dental staff? I am interested in all the events and experiences which 
were important for you personally
• Did your own experiences as a patient shape your decision to work in a dental setting?
• What appealed to you about the profession? 
• Can you tell me about what makes a good dental experience? 
• Can you tell me about what makes a bad dental experience? 
Views on current dental practices
• Can you tell me about the sorts of patients that attend this practice?
• Can you tell me about the changes you have observed over the years?
• Are there any topics you feel more or less confident talking to patients about?
• Can you describe what makes a practice work?
• Are there topics you feel more or less confident talking to patients about?
Views on traffic light system [show dental professional traffic-light cards]
• What do you make of rating risk by Red, Amber, Green categories? 
• Does it make sense to you?
• Is it better or worse than just a general discussion with the patient? 
• Can you describe your experiences of delivering this type of information to patients?
• What worked well?
• What could be improved?
Views on QLF photographs [show dentist example photographs] 
• What do you make of showing and interpreting QLF photographs to patients? 
• Does it make sense to you?
• Is it better or worse than just a general discussion with the patient? 
• Can you describe your experiences of delivering this type of information to patients?
• What worked well?
• What could be improved?
Any other issues
• What could help dental professionals better communicate with their patients?
• Are there any other issues that you think are important for us to know? 
2) Interview with dental team 
APPENDIX 3
NIHR Journals Library www.journalslibrary.nihr.ac.uk
UNCORRECTED PROOF DATE: 06/07/2019 FILE: 13-33-45-2P.pdf
124
Practice P - Gender Visit type 
Dental Lead P - age 
bracket
Total app 
time
Dental staff   Accompanied? Observation 
no.
Greeting sequence 
Problem presentation 
Medical and social history review
Exam
Review of exam 
Farewell sequence 
3) Structured observation-coding sheet
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